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Chapter 1 

GENERAL CONSIDERATIONS 

The Communications Receiver has, by reason of the many commercial 
types now advertised, become a familiar feafure to most readers of amateur 
and professional radio literature, but the high price of such a receiver makes 
it, for most amateurs and short-wave listeners, quite out of reach. As the 
name implies, the communications type of receiver is primarily designed to 
provide the listening side of a complete radio station, especially in the 
amateur station, so that the set has controls Intended to work fo conjunc¬ 
tion with a transmitter, but in the main such a receiver is a highly efficient 
instrument of great use and value to any experimenter working on the higher 
frequency hands. % 

The ordinary ** all wave ” receiver is not ideal for short-wave work, and, 
of course, is almost useless for the frequencies above approximately 20 mcs. 

—that Is for wavelengths below about 15 metres, for although a V.H.F. 

' converter can be fitted to such a set, the results will never be so satisfactory 
as those obtained with a receiver specially designed for such work. In some 
cases a communications receiver does not work at frequencies above 30 mcs., 
but in this case a converter preceding the set will give excellent results, 
since the main receiver is capable of Working with so much greater efficiency. 

The main outline of a communications receiver will contain features 
such as tlie fallowing: An input circuit providing for both dipole and single 
wire aerial feeds into a pre-selector stage, giving RJ*. amplification and | 

thus extra selectivity, with a high image ratio. The frequency-changer f 

following such a stage may consist of a single vaive in the usual way, or 
may have a mixer valve fed with local oscillations from a separate oscillator. 

The use of a separate oscillator allows the Injection of local oscillations to. 
be adjusted to the optimum, whilst the overall gain of such a frequency 
converter can be greater than that obtained from a triode. hexode,. a triode 
pentode or a pentagrid. 

The I.F. amplifier following the frequency converter n often the real 
heart of , the communications, receiver. Whereas the qrdinary broadcast 
receiver has a single I.F. stage, the I.F. amplifier in the communications 
receiver generally consists of at least two stages, and in commercial models 
a series of pass-bands is provided so that the overall selectivity of the set is 
readily changed to suit the signal or conditioas^-for example, to receive. a 
broadcast or programme signal the pass-band of the receiver will be broadened 
in order that the sound quality shall not suffer, but for reception of signals 
in, the amateur hands, where the highest selectivity is required, and where 
some degree of tone value may be sacrificed, the pass-hand is then reduced 
to give a very narrow degree of selectivity. 

In the best I.F. amplifiers is incorporated a “crystal gate.” A quartz 
crystal, similar to those used to stabilise crystal oscillators, except that it 
i$ cut to resonate at the intermediate frequency* is used as a tuned circuit 
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with a very high efficiency or Q, giving a v6ry narrow pass-band, so that in 
cases where stations on adjacent frequencies are suffering mutual interference 
which cannot be prevented even with the LF. at its most selective setting, 
switching in this “ crystal gate ” will generally allow the required station 
to be tuned free of interference, so great is the extra selectivity obtained 

In the I.F. amplifier, in many cases, are incorporated 44 S ” or “ R ” 
meters, .analogous to the Magic Eye used as a tuning indicator in broadcast 
receivers from one point of view for, like the Magic Eye, the 44 S ” meter 
giyes ,an indication of field strength. The meter in general use is a moving 
coil qirrent measuring instrument, calibrated in decibels or 44 S ” points 
aqdconnected either in series with the high tension supply to a number of 
R,F. or LF- amplifying stages with A.V.C. control, or in a bridge network 
between anode and screens of R.F. and LF, amplifying stages. Reports of 
station quality and reception strength are made by the R-S.T. code, where 
the symbols R1 to R5, are used to give indications of readability, the 
symbols SI to S9 are used to give indications of signal strength and the 
symbols T1 to T9 are used to give indications of the purity qf the tone. 
These symbols are used more especially in C-W,—i.e. f in telegraphy—work, 
and in telephony have been replaced to some extent by the QSA and the 
QRK codes. The symbols QSA1 to QSA5 indicate degrees of signal 
strength whilst the symbols QRKI to QRK5 indicate degrees of readability. 
Probably the symbols SI to S9 are the most used, however, for reporting 
signal strength, and it is this series of 44 S ” points which appears on the 
dial of the 44 $ meter. 

Whilst the majority of 44 S ” meters have the points separated by a 
6 decibel reading, there appears to be no real standardisation of the S9 
reading—an S9 indication being given in some cases by a SO microvolt 
signal at the receiver’s input sockets and in other cases by a 100 microvolt 
input, but even so differing conditions and even differing frequency bands 
will fender the calibration untrue. It would appear to the author that rather 
too much reliance is placed on the 44 S ” meter by many amateurs, but in a 
later chapter certain suggestions are made for the more valuable use of 
the instrument. 

The detector in the communications receiver may be considered as being 
part of a group of stages rather than as a single valve, for associated with 
the detecting or demodulating diode circuit are the Beat Frequency. Oscillator 
and the Noise Limiter. Both are necessary if the receiver is to fulfil all the 
usual functions. 

The B.F.O. is a small self-contained stage built round a triode, in the 
majority of cases, and is simply an oscillating circuit working on a frequency - 
dose to the I.F. of the receiver. It is used for C.W. reception, although in 
certain specialised tests or adjustments it may be used when telephony is 
being received. 

The B.F.O. is necessary to allow plain C.W. reception on a superhet. 
The aerial is receiving an unmodulated train of waves, and thus while the 
characters of the code will be passed through the frequency converter and 
the LF. stages of the receiver in the usual manner, the demodulator will 
have no audio signals to pass on to the output stage, so that at best there 
wjll be merely a succession of clicks in the headphones or loudspeaker^ ^; 


whilst a weak C.W. station will give no audible results at all. The effect may 
be overcome at the transmitting. end by modulating the carrier-wave with 
tone signals; but the same result may be obtained at the receiver with mudi 
jess trouble. 

By switching in the B.F.O., working at, say, 1,000 cycles away froin 
the intermediate frequency, unmodulated signals arriving as I,F. dots arid 
dashes at the demodulator will be heterodyned by the oscillations generated 
by the B.F,0. and, moreover, the heterodyne will be audible since it is a 
1,000 cycles note. Thus, the B.F.O. and I.F. stages, working in conjunction 
into the demodulating stage, give audio signals on C.W. with the added 
advantage that the tone or note may be adjusted to suit the ear shnply by 
tuning the B.F.O. and thus varying the heterodyne frequency. The tuning 
control may be pre-set or may be brought out to a panel control^ whilst 
a switch controls the B.F.O, as a unit. The oscillations from the B.F.O. 
are fed directly to the demodulator through a very small capacitance. 

The detector or demodulator is most usually the conventional diode or 
double diode, with full A.V.C; arrangements, although other circuits are 
sometimes used, especially in amateur-built apparatus. The Infinite Impe¬ 
dance Detector, using a triode wi^h cathode follower connections, is very 
useful as a detector, but with this or any other special circuits, separate stages 
are then necessary to give A.V.C. voltages, whilst' it is possible for such 
high efficiency & the last LF. tuned circuit to be obtained that the chances 
of feedback arid instability are increased. . 

The Noise Limiter, like the B.F.O., is a self-contained unit, and may be 
switched in or out of circuit as required. Several circuits are available, the 
most common being a .double diode biased in such a manner that audio is 
passed without interference. Sudden peaks of noise, however, rising above 
audio level, are clipped to the level set by the biasing, and in foe case of 
ignition and similar noises it is found that clipping the noise to the level, 
of the audio signal in the headphones or loudspeaker enables the signal to 
be copied without trouble. 

The audio amplifying stage or stages of the receiver may be made to 
provide facilities for the type of work it is desired to carry out-, In, the first 
place, both headphone and loudspeaker output sockets should be provided, 
so that the demodulator should be followed by a triode to feed the head¬ 
phones and also the power output stage for the loudspeaker. Again, some 
amateur operators are interested in recording foeijr contacts so that a cutting 
head stage may be incorporated in the receiver, with its associated balancing 
networks, and then a microphone pre-amplifier is, in some cases, also enclosed 
in the receiver cabinet with further provision for record playback. These 
refinements are not usually required, however. 

The outline of the communications receiver, therefore, may be shown 
in block diagram as in Fig. 1, where the various stages are well marked. 
If is now necessary to review some special points in greater detail. 

In the first place, the construction of a communications receiver must 
be most carefully^ carried out, not only from the electrical but also from 
the mechanical viewpoint, for complete rigidity and stability are necessary. 
Again, the multiplicity qf Rf, and LF, stages necessitates very complete 
shielding to prevent feedback, and with this end In view it is usual to run: 
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R.F. SELECTIVITY I.F. SELECTIVITY MANUAL 

OH CAM.. OR CAM. CAIN*- 

Fig. 1 . The Communications Receiver in Block Diagram. 


the H.T. line at a lower potential than In a broadcast receiver. A 250-volt 
line is all that is required, so that a 250-0-250 volt H.T. secondary trans¬ 
former may be used in the power pack. 

Since frequency drift in the receiver would result in the misalignment of 
the R.F. and oscillator tuning, the power pack is often kept separate from 
the receiver and given a chassis and screening cover of its own, and to 
avoid enlarging the receiver cabinet it is also wise to house the loudspeaker 
separately. It is possible to incorporate temperature compensating con¬ 
densers in the oscillator circuit, and to run the oscillator from a supply 
line which is held at constant potential by a regulator, but these precautions 
need not be taken unless a high degree of accuracy is required. 

In a home-constructed receiver psobably the most difficult part of the 
design and construction is that connected with the tuning arrangements* 
Tracking between the R.F. and oscillator tuning obviously must be excellent, 
yet at the same time as great a coverage as possible is necessary and tuning 
must not be cramped. It therefore becomes difficult to use commercially- 
made coils since these are chiefly designed to work in conjunction with a 
500 mm fd. tuning condenser, whereas a 50 mmfd. to a 150 mmfd. capaci¬ 
tance is a more suitable maximum capacity. By using home-made coils a 
smaller tuning condenser can be built into the receiver, but in this case the 
ganging of the coils for correct tracking must be performed experimentally 
to obtain good reception over the bands. One method of overcoming the 
difficulty is to use separate tuning condensers for R.F. and oscillator circuits, 
but again this is suitable only on the highest frequency bands, and sacrifice 
of single-knob tuning control (apart from a bandspreading device) is a sacri¬ 
fice of both convenience and simplicity. 

There is also the choice between band-switching and coil-changing to be 
considered. Where a small receiver is desirable a set of plug-in coils assists 
considerably in reducing chassis size, whilst at the same time a complicated 
switching system and shielding arrangement is obviated, but for a compre¬ 
hensive circuit band-switching is preferable. All these problems, however, 
are finally dealt with in a later chapter. 

It has already been said that the I.F. amplifier is the heart of the receiver, 
and the choice of intermediate frequency also requires some thought. Image' 
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rejection is the real point at issue, and a note upon images may be helpful 
at this point. 

An image is caused by lack of selectivity in the first tuned circuits of 
a receiver, and thus image reception becomes more and more in evidence as 
the signal frequency rises. Consider a converter or mixer stage working into 
an I.F. amplifier where the I.F. is 450 kcs, If a signal to be received has 
a frequency of 1 me., the oscillator, working as is usual on the high side 
of the signal, will feed into the mixer a 1.45 mcs. signal, so that the final 
result will be the 450 kcs. heterodyne. 

At the same time, however, a signal from a station on 1.9 mcs. will 
also beat with the oscillator on 1.45 mcs. to produce a signal at the I.F. of 
450 kcs.; or, from a second point of view, the original station at 1 me. 
will be heard first, when the oscillator is working on 1.45 mcs. and, secondly, 
when the oscillator is tuned to 0.550 mcs. or 550 kcs. 

The possibility exists, therefore, with any superhet, of tuning in each 
receivable station at. two points on the dial. 

At the frequency of the station given as an example, 1 me., the recep¬ 
tion of an image is virtually impossible, however, for the selectivity of even 
a single tuned circuit is sufficient to prevent a 1 me. station from feeding 
through to the mixer when the first tuned circuit is set at 100 kcs. as it will 
be when the oscillator is working at 550 kcs., but the percentage difference 
reduces rapidly as station frequency rises. For example, maintaining the 
I.F. at 450 kcs., a station on 10 mcs. will give an image when the first 
tuned circuit is set at 9.1 mcs., the oscillator then being set at 9.55 mcs., 
and whilst admittedly the tuned circuit which would pass a 10 mcs. signal 
when the circuit itself was set at 9.1 mcs. would be rather poor, the effect 
becomes possible, and then pronounced before the 10-metre amateur band 
on 30 mcs. is reached. Here the image reception of a 30 mcs. signal can 
take place when the first tuned circuit is set at 29.1 mcs., and there will 
be sufficient transference in this case to give a strong image. (These figures 
are given assuming that the oscillator is still working at a higher frequency 
than the first R.F. or signal frequency. Often, however, the oscillator works 
at a lower frequency for reception of 10-metre signals—this consideration 
does not, of course, affect image reception, which is still possible j 

An obvious solution to this trouble with image reception is to increase 
the I.F. of the receiver. I.F. transformers working on a frequency of 1.6 
mcs. are obtainable, and will help considerably in reducing image reception, 
whilst for a superhet to be used exclusively on the higher frequencies or the 
very high frequencies, an I.F. of 5, 10 or even 15 mcs. is quite common. 
Increasing the I.F., however, is only possible by sacrificing the coverage of 
the receiver, for if signals in the medium-wave broadcast band are also to 
be received, say, on 750 kcs., the I.F. cannot, for obvious reasons, be much 
greater than the usual 450 kcs. or so. 

A second solution to the problem of image reception is to use an I.F. of 
450 kcs. or a similar frequency and to improve the selectivity of the 
“ front end ” of the receiver as far as possible. This is the purpose of the 
R.t. amplifying stage, which improves selectivity as well as sensitivity, and 
a regenerative R.F. stage gives even greater image rejection. For the 
V*H.F.’s. the most convenient method of reception is to use a converter 
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feeding into the main receiver, when the 5-metre band and signals at even 
higher frequencies can be received. 

By the use of a converter the superhet is changed to double LF. working, 
for the converter’s oscillator works at a frequency separated from the signal 
by 5 or 10 mcs. A tuned transformer connects the converter to the 
receiver’s input terminals, the receiver also being tuned to 5 or 10 mcs., 
Which thus becomes the first I.F. The frequency converter in the main 
receiver then further converts this first I.F. to the receiver LF. of 450 kcs. 
or so, which becomes the second I.F, 

With the choice of the intermediate frequency settled, the controls of 
the I.F. amplifier may be considered. To obtain variable selectivity, two 
methods at least are available, one being the use of variable selectivity 
transformers and the other to make one stage of the I.F. amplifier regenera¬ 
tive, the selectivity varying with the degree of regeneration allowed. Since 
regeneration may be controlled by simple means—a variable resistance in 
the cathode circuit of the valve involved, for example—selectivity control 
is readily available without the expense of special transformers. The crystal 
gate, with its particular circuit and requirements, is dealt with in Chapter 4. 

When the I.F. amplifier feeds into a conventional diode detector and 
A.V.C. stage, it is generally found that one or two disadvantages are atten¬ 
dant on the circuit. The B.F.O., for example, cannot be used when the 
A.V.C. line is operating, for the local oscillator then feeds into the A.V.C. 
circuit and thus affects the biasing of the A.V.C. controlled stages. At the 
same time, the “ S ” meter is generally switched out of circuit when the 
A.V.C. line is switched out of action. These effects can be remedied if 
a rather mote elaborate detector and A.V.C. circuit is arranged. For 
example, by using one side of a double triode as a detector of the Infinite 
Impedance type, taking due precautions over the I.F. feed if necessary, the 
other side of the double triode may be used with great success as the B.F.O. 
and, at the same time, the B.F.O.-Detector coupling problem is solved, for 
with both valves in the same envelope the coupling is provided within the 
valve. Also, it is then possible to tap the A.V.C. rectifier into the LF. 
amplifier ahead of the detector, with the result that the B.F.O. may be used 
with the A.V.C. either off or on, just as is required. Again, the “ S ” meter 
may be connected, not to the LF. or R.F. stages of the set, but to a valve 
controlled by the A.V.C. line and set apart for meter operation, this valve 
being connected to the A.V.C. line whether it is switched in to control the 
receiver or not, the “ S ” meter then giving, its indications at all times. 
This meter-controlling valve may be combined with the A.V.C. rectifier in 
the form of a double diode triode or a double diode pentode, thus making 
the circuit less extensive than might at first appear. 

It will be seen, then, that the communications receiver may take many 
forms, and the circuit details and the more important of these features will 
be further examined in the following pages. One particular function of the 
receiver must first be noted, however, together with the special arrangements 
and circuits used—the use of the receiver with the amateur transmitter. 


Chapter 2 

THE RECEIVER AND THE TRANSMITTER 

Where the communications receiver is used alone, the “ Standby 41 
switch is probably never touched, but to the transmitting amateur it is 
possibly one of the most-used controls. The Standby switch cuts the H.T. 
supply from either the whole or the R.F.-LF, portions of the receiver, whilst 
leaving the valve-heaters on so that the set is ready to commence work 
again as soon as the switch is thrown. It is obvious that the transmitter and 
receiver cannot work in the same band together unless several precautions 
are taken, and, so far as ’phone operation is concerned, the chief precaution 
is to open the Standby switch as soon as the replying station has finished 
a. call. The transmitter’s Standby switch is then closed, so that at no time 
does the set receive a signal from the transmitter of its own station. 

Even so, the input circuit of the receiver is still open to receive applied 
power from the transmitter, and in a high power system, with receiver and 
transmitter tuned to the same or adjacent frequencies, it is still quite 
possible for a high current to flow in the input or first tuned receiver circuit, 
a current sufficiently high to cause damage. 

Where the receiver is connected to the same aerial as the transmitter, it 
will obviously be necessary to arrange for the aerial to be switched from the 
receiver to the transmitter when a transmission is to take place, and if, as 
is usual, relay switching is used for this purpose, it is a simple matter to 
arrange a further relay contact to short out or ground the receiver’s input 
sockets. When a separate aerial is used for the receiver, however, so that 
no aerial-switching is necessary, the receiver’s input sockets should still 
be earthed or short-circuited, and in some stations an adaption of the 
" press-to-talk ” method of switching is used, a press-button on or beside 
the microphone operating relays which, when the button is depressed and 
held down throughout the conversation or call, switch off the receiver, 
render its input circuit inoperative and then apply power to the trans¬ 
mitter’s anodes for the transmission. 

It is advised, however, that the same aerial be used for both transmission 
and reception, especially when a beam or directed aerial is in use, for it is 
useless to make an effort to direct transmitted power over a considerable 
distance if the receiver is not equally well served. The aerial switching relays 
can then perform all the necessary operations by & simple extension of the 
Standby switch, so far as the receiver H.T. line is concerned, with a contact 
reserved for the receiver’s input circuit, and the relays should be so arranged 
that switching on the transmitter automatically protects the receiver. * 

Air exception to the use of one aerial for both transmitter and receiver 
must be made, of course, in Duplex working where two stations, generally 
local, have transmitter and receiver working together, the call being more in 
the nature of a telephone conversation, since both operators are able to 
work at the same time, giving question and‘answer "without interruption. 
In this type of work it is generally arranged that one transmitter shall be 
separated in frequency from the other by practically the width of the ’phone 
band, so that in each location the receiver is tuned to a frequency widely 
different from that of the transmitter. Then the receiving and transmitting 
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aerials should be as well separated as possible, and, since the distance 
covered is usually not great, the transmitter input power is reduced as far 
as possible. 

Again, a special arrangement is required for break-in working. Break-in 
working will probably become even more popular now that the British 
amateur is required to work C.W. for the first year of his licence, and has 
much to recommend its adoption. By working with break-in, C.W. operation 
gains character much as personality is given to a contact on 'phone by. 
Duplex working, for one station can break in on the signals from its con¬ 
tacting station, question and answer can be passed back and forth, repeats 
of uncopied or bad characters can be requested at the moment of occurrence 
and, perhaps more important still, each station has a check at all times of 
QRM or interference on his own frequency, since even if the stations are 
working at different frequencies such information can be passed from one 
station to the other without delay. 

The requirements of break-in C.W. operation are that the receiver is 
controlled by the transmitter at each depression of the key. Whilst the key 
at the transmitter is down, forming a dot or dash, the receiver at that station 
must be dead, but immediately the key is up, even between characters, the 
receiver must be in operation. This means that the second transmitter may 
interrupt the first by merely holding down his own key, since then he will be 
heard as a note or tone in the receiver at the first transmitter with every 
break in the transmission at that station, which then ceases to send, or 
sends a code group to signify readiness to receive. Separate aerials are 
usually used for transmission and reception. 

At each station, therefore, the key controls a relay circuit, the actual 
circuits being arranged to the favourite scheme of the operator but capable 
of keying the transmitter, earthing one aerial and controlling the receiver. 
The relays, moreover, must be quick and quiet in operation. 

At the same time, however, a monitor is required in order that the 
operator may check his own keying in his headphones, and the receiver at 
his station may be left sufficiently operative to give him the souftd of his own 
transmitted signal. Probably the simplest method of achieving this result 
is to switch in'extra biasing into the R.F. stage of the receiver which, 
although its input circuit is shorted and there is no aerial connected to it, 
will still be able to receive signals from the transmitter at its own station. 
The biasing switched in to the receiver’s first stage should have a manual 
control, so that the operator can set the volume of his own signal in 
balance with that of the contacting station. 

The use of a high biasing potential on the R.F. and sometimes also on ' 
the I.F. stages of the receiver is not confined to break-in C.W. operation, 
for it can be used also on straight C.W. or telephony transmission to enable 
tke receiver to act as the station monitor or as the method of rendering the 
receiver inoperative. The Standby switch, for example, instead of breaking 
the main H.T. line to the receiver, may connect the A.V.C. line from the 
R.F. and I.F. stages to —30 or —40 volts of bias, obtained from batteries 
or from a small biasing unit in the power pack. 

Some methods of aerial-switching and transmitter-receiver control can 
now be considered in greater detail. 
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A erial-Switchirig 

The control switch which transfers the aerial feeders from the receiver 
to the transmitter and vice versa may be manual or relay-operated, and 
when other circuits are to be closed at the same time relay operation is 
advisable. One control button or switch can then control several relays, for 
in a high power system the aerial feeders should have their own separate 
relay and contacts mounted out of harm’s way. Specially designed aerial 
relays are obtainable commercially. 

One ingenious method of aerial-switching should be noted, however, 
which calls for transference of feeders from one set of connections to 
another. Its use is really confined to the higher frequency systems, where 
* a quarter-wavelength feeder is of convenient size. Reference to the Bernards’ 
Aerial Handbook will show that a quarter-wave line or two-wire feeder has a 
low impedance at one end of the line, with a high impedance at the other. 
Such a line can therefore be switched into the main aerial feeder in a manner 
that presents a practical short-circuit to the receiver, and devices based on 
this principle were widely used in certain radar gear. It is also possible to 
use gas-filled tubes—neon or argon tubes or gas triodes—as the shorting bar 
across an aerial-matching stub when the transmitter is coupled to the aerial 
through such a device. The gas-filled tube will glow when the transmitter 
is switched on, thus shorting the stub and matching in the transmission line 
to the aerial, but when the transmitter Is switched off the tube is extin¬ 
guished, the short-circuit becomes a high impedance and a further quarter- 
wave line from the ends of the matching stub to the receiver will then transfer 
aerial power to the receiver’s input circuit. These systems, however, are 
unconventional, and manual or relay aerial-switching is far more common. 

The transmitter is coupled to the aerial via an aerial tuning unit, and 
the switching may or may not include this unit. The feeders may be switched 
from the aerial tuning unit to the receiver, a separate aerial tuning unit 
may be used at the receiver or the aerial tuning unit may be connected to 
the feeders permanently and the unit itself switched from transmitter to 
receiver. The system to be used depends on the requirements of the gear 
in relation to the aerial, but the simplest method is to employ a switch which 
changes the feeders from the transmitter's aerial tuner straight to the 
receiver, as shown in Fig. 2. 

If matching between the feeders and the receiver’s input circuit is 
required, it can be obtained by using a unit as shown in Fig. 3. The final 
adjustment of such a unit must be made experimentally to suit the receiver, 
the chief point being that the lines from unit to receiver must always be 
tapped to the main coil in balance—that is, the two taps must always be 
an equal number of turns on either side of the centre of the main coil. 

Components List tor the Receiver Aerial-Matching Unit, Fig . 3. 

Cl, 100 mmfd. variable. Raymart VC100X. 

LI, 12 turns 18 S.W.G. spaced on 1§" diam. former, wind¬ 

ing gapped at centre for L2. 

L2, 3 turns 18 S.W.G. between halves of LI. ' 

Small chassis and tuning knob. Clips. 

(To cover 14 me. band.) 
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When the switching is performed by a relay, other relays controlled by 
the same switch or press-button being used for switching on the transmitter 
power, shorting the receiver input, etc,, some consideration must be given 
to the consumption of the relay coils and the source of activating power. 
One commercial aerial relay (made by Londex, Ltd., who can offer various 
makes and types of relays) requires 3 v.a. for the coil. Different makes of 
relay, however, will have widely varying demands on the energising source, 
so that where several relays are to work as a team they must be chosen 



Fig. 3. Receiver—Aerial Matching Unit. 
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\ to have similar coll ratings. Low resistance relays may be driven from a six 
pr twelve volt accumulator battery, the coils being connected in series or 
parallel to give a suitable total resistance, but the battery may be replaced 
by a simple power pack giving, say, 100 volts D,C. if high resistance/low 
current coil relays are used. In either case the relays should be DX. 
operated to give positive action wilhout any chance of chattering of the 
contacts which might occur with AX. energisation. AX. relays are, of 
course, obtainable, but the D.C. type are to be preferred. 

It is by no means beyond the limits of the home workshop to adapt old 
relays to new uses, the best source of old relays being a car-breaker's yard, 
which should always be able to supply old car cut-outs. 

The complete system for C.W. break-in operation shown in Fig. 4 shows 
how a single D.P.D.T. relay can be used for simultaneous operation of both 
transmitter and receiver, and will serve as an example from which other 
systems may be derived. "Naturally there is no aerial-switching from one 
piece of gear to the other In this system for, as in Duplex 'phone, a separate 
receiving aerial is used. This aerial must be earthed, however, along with 
the aerial input socket on the receiver, whilst at the same time a high bias 
Is applied to the first R.F. stage of the receiver, the bias being controlled 
by a potentiometer in order that the transmitter at the receiver's station can 
still be heard. Note that the relay contacts should be so adjusted that the 
receiver is off, with its aerial earthed, a fraction of a second before the 
transmitter is keyed, and that the transmitter Is switched off just before 
the receiver comes back into operation. 

It will be seen that the key is in the relay coll circuit, so that a high 
resistance relay will give a low keying current with less sparking at the key 
contacts, but a key filter is shown in circuit. The relay contacts which 
4< key '' the transmitter should be connected in circuit at a suitable point 
to give good working, in the negative supply lead to the crystal oscillator, 
for example. 
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Components List tor Relay System s Fig, 4 . 


K, 

Key. 

R.F.C., 

R.F, Chokes, as Eddystone, 1022. 

c, 

0.01 mfd. 500 v.w. Non-Inductive. 

Rl, 

0.5 megohm. Volume control. 

Rr, 

Receiver’s volume control. 

Ry, 

D.P.D.T. relay. 


The new volume control, operative only on the transmitter at the receiv¬ 
ing end, may be mounted externally to the receiver. This break-in system 
will jvork when the two stations in contact sure on different or the same 
frequencies. 

The provision of a high bias line in the receiver, to which IS connected 
the Standby switch, is a matter of receiver design and thus appears in more 
detail in later pages. 


Chapter 3 

PRACTICAL RECEIVING CIRCUITS 

It is the purpose of this chapter to show some of the stages and circuits 
used in a communications receiver, not only that their method of working 
might be better understood but that the amateur with a smalt receiver may 
be able to incorporate one or more of these stages, thus improving his gear 
with the minimum of trouble and expense. An R.F. amplifying stage might 
be inserted between aerial and receiver, for example, thus acting as a pre¬ 
selector with individual tuning, or a stage in the I.F. amplifier might be made 
regenerative to give a degree of LF. selectivity control and extra gain. 

The R.F. Stage 

The R.F. stage of a communications receiver is required to carry out 
a number of tasks. It is required to amplify the signal at its original 
frequency, to tune as sharply as possible in order that image rejection shall 
be high and the selectivity of the receiver as a whole shall be enhanced. It 
contains, as a stage, the first gain control of the receiver and .it must work 
at all the frequencies for which the receiver is intended. 

The amplification obtained from an R.F. stage varies with frequency, 
the gain falling as the frequency rises, and at very high frequencies not only 
does the efficiency of the first tuned circuit fall, but the loading presented 
to this circuit by the valve increases rapidly. The valve to be used in the 
R.F. stage must therefore be chosen to suit one particular set of require¬ 
ments—Acorns, however, in their pentode ranges, give probably the best 
all-round results, but it should be remembered that at least three charac¬ 
teristics are under comparison when an R.F. valve is to be chosen. These 
three characteristics are the Signal-to-Nolse ratio. Selectivity and Gain. 

J * The valve types which might be used in an R.F. stage can be classed very 
broadly as R.F. Pentodes, Television Pentodes and Acorn Pentodes. Where 
selectivity is not so important, the Television Pentodes give high gain with 

1 ? 


quiet working, but where selectivity Is the first requirement an Acorn should 
be used* The selectivity of a Television Pentode stage can be improved by 
making the stage regenerative, however, the renegeration being controlled 
by the usual manual gain control in the valve cathode circuit. 

In Fig. 5 Is shown a regenerative R.F. stage. Feedback between the two 
tuned circuits provides the regeneration coupling, and the two circuits should 
be screened from each other in order that feedback shall remain under 
control. The pre-selector Is not used under conditions of actual oscillation, 
of course, but the cathode control is advanced towards the oscillating point 
for greater gain and selectivity, whilst an initial control over the feedback 
is exercised through the anode tap on to the anode coll. 

The pre-selector shown In Fig. 5 Is more suitable for use with an existing 
receiver than for incorporation In a communications circuit, however, if for 
no other reason than that an untuned anode stage is preferable to enable 
the R.F.-Mixer stage coupling to be arranged easily, but a simple R.F. stage 
such as Is shown In Fig. 6 can still be made regenerative by arranging the 
wiring in such a manner that a small degree of feedback from anode to grid 
circuits is obtained. Such wiring arrangements must be made experimentally 
in order that the correct feedback is applied, and the notes on the regenera¬ 
tive I.F. stage may prove helpful in this respect. 
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Components List for the Regenerative Pre-Selector, Fig. 5. 

Cl, C4, 40 mmfd. tuners, ganged. Raymart VC40X. 

C2, C3, 0.01 mfd. 350 v.w. Non-inductive. 

Rl, 150 ohms, | watt. 

R2, 5,000 ohms, variable. 

R3, (For 4 volt operation) 33,000 ohms, 1 watt. 

R3, (For 6 volt operation) 62,000 ohms, 1 watt. 

VI, SP41 for 4 volt operation. 

1852 for 6 volt operation. 

1 International or Mazda octal chassis mounting valveholder. 

Small chassis, with valve and coll shields. 

2 coil-holders, Eddystone 964. 

Coupler for Cl, C5, Eddystone 529. 

Slow-motion drive. 

Knob for R2. 

Note. —To obtain bandspread tuning, use in place of Cl and also in place 
of C4 a 3-30 mmfd. trimmer, adjusted for handset, and tune with 15 
mmfd. tuners, Raymart VC15X, ganged. 


Coils, for amateur band coverage. 


LI. 


L2. 


3.5 mcs. 
7 „ 

14 

28 „ 
3.5 mcs. 


7 

14 

28 


f! 


»! 


10 turns 22 S.W.G. enam. close-wound below L2. 


5 

3 

2 


If 

9* 

99 


99 

99 
99 


*9 

99 

99 


99 

99 

99 


99 

99 

99 


99 99 

99 99 • 

99 It 


55 turns 22 S.W.G. enam. wound to length of 1§". 

24 „ 20 „ „ „ „ „ „ 1J". 

io V' 

99 99 99 99 99 99 99 9* A * 

5 „ 18 .1". 


L3, L4, as LI, L2. Tap L3, as testing points for further trials, at 8 turns 
up for 3.5 mcs., 6 turns up for 7 mcs., 3 turns up for 14 mcs., and 1| turns 
up for 28 mcs. 

All coils on 1}" diameter forms, as Eddystone 537. 


Components List for R.F. Stage, Fig. 6. 

Cl, 40 mmfd. Bandset. Raymart VC40X. 

C2, 15 mmfd. Bandspread. Raymart VC15X. 

C3, C4, C5, 0.01 mfd. 350 v.w. Non-inductive. 

Rl, (For 4 volt operation) 33,000 ohms, 1 watt. 

Rl, (For 6 volt operation) 62,000 ohms, 1 watt. 

R2, 150 ohms, j watt. 

R3, 5,000 ohms variable. 

VI, SP41 for 4 volt operation. 

1852 for 6 volt operation. 

1 Mazda or Int ernati onal octal chassis mounting valveholder. 

LI, L2, Aerial input and first tuning coils. As coils for Fig. 5 or as 
coils already fitted to receiver. Cl, C2, may also be substituted by con¬ 
denser gang in receiver. 

L3, primary of R.F transformer, coupling into second stage or mixer. 
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Obtain regeneration by small stray capacity, CS, shown dotted in Fig. 6, 
or by running leads to Cl, C2, near to tuned circuit leads of following stage, 
thus obtaining a small feedback in correct phase. 


The Frequency Converter 

If the receiver is to be kept small and inexpensive, it may be permissible 
to dispense with the R.F. stage and to feed directly into the frequency con¬ 
verter stage, provided that some method is used to improve the unage 
rejection of the input stage. Here again, however, the frequency converter, or 
mixer, can be made regenerative by the use of a conventional grid-anode 
coupled coil system, and the amateur requiring a small receiver with good 
selectivity would do well to test such a mixer against a straightforward 
circuit. The regeneration control is a variable resistance across the anode 
coil and is used, naturally, so that at no time does the mixer actually 
oscillate. It Is difficult to avoid a slight de-tuning effect on the first tuned 
circuit as the regeneration control is used, but the advantages consequent 
on the circuit outweigh the slight disadvantages. 

Moreover, in a receiver sufficiently simple to use no R.F. stage, the 
oscillator and’input tuning may quite satisfactorily be separately controlled, 
with tracking maintained not by trimming and padding methods but through 
the tuning, tracking thus being under control at all times. In such a receiver 
a slight tuning shift In the input tuned circuit will be of no consequence, 
and a regenerative mixer, using a triode-heptode, is shown in Fig. 7.. A 
pentagrid converter may be used In the same manner, although when using 
a valve of this type it is advisable to inject the local frequency from a second 
oscillator, whose circuit may be the conventional triode oscillator, this type 
of frequency converter proving more satisfactory on the high frequencies. 
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Cl, C4, 

C2, C3, C5, 
C6, 

C7, 

C8, 

Rl, 

R2, 

R3, 

R4,* 

R.F.C., 

VI, 


Components List for the Regenerative Frequency 
Converter Stage, Fig. 7. 

60 mmfd. tuners. Raymart VC60X. 

0.01 mfd. 350 v.v. Non-inductive. 

8 mfd. 350 v.w. Electrolytic. 

0.1 mfd- 350 v.w. Non-inductive. 

0.0001 mfd. Mica. 

10,000 ohms, variable. 

220 ohms, } watt. 

47,000 ohms, i watt. 

15,000 ohms, 1 watt. 

R.F. Choke, Eddystone 1010 or similar. 

ACTH1 for 4 volt operation. 

6K8 for 6 volt operation. 

1 Mazda or International octal chassis mounting valveholder. 
Slow-motlon drive for C4. 

Knobs for Cl, Rl. 

Coils, for amateur band coverage. 

close-wound, above L3. 
„ below L3. 

IF k>ng. 

99 

close-wound, below L4. 
close-wound, above L3- 
,, below L3. 
W long. 

99 

close-wound, below L4. 
close-wound, above L3. 

„ below L3. 

1" long. 

IS 

dose-wound, below L4. 
dose-wound, above L3. 

„ below L3. 
1" long. 


LI. 

3.5 

mcs. 

10 turns 

22 

L2. 

99 

ii 

12 „ 

99 

L3. 

99 

tt 

45 „ 

99 

L4. 

99 

it 

40 „ 

99 

L5. 

99 

•* 

15 „ 

99 

LI. 

7 

mcs. 

6 turns 

22 

L2. 

99 

99 

8 „ 

if 

L3. 

99 

9* 

22 „ 

18 

L4. 

99 

99 

17 „ 

99 

L5. 

99 

99 

8 „ 

22 

LI. 

14 

mcs. 

5 turns 

, 22 

L2. 

» 

99 

6 „ 

If 

L3. 

99 

99 

10 „ 

18 

L4. 

99 

99 

8.5 „ 

99 

L5. 

99 

99 

5 „ 

22 

LI. 

28 

mcs. 

4 turns 22 

L2. 

ft 

99 

2 „ 

ff 

L3. 

** 

99 

4 „ 

18 

L4. 

ft 

99 

3.5 „ 

99 

L5. 

99 

99 

2.5 „ 

22 


99 

99 


99 

99 

99 

99 

W.< 

99 

99 

99 


99 

99 


99 

99 


*9 

99 


99 

99 


99 

99 

99 

99 


dose-wound, below L4. 

mi tuu »» Tr , r ,„_, _ _,_Sddystone 537. Separation 

between colls approx. I" (between LI, L2, L3 on one form, and between 
L4, L5 on second form). 

The I.F. Amplifier 

When an Intermediate frequency of approximately 450 kcs. Is chosen, 
two I.F. stages will give as much gain as can be handled mid, providing that 
iron-cored I.F. transformers are used, selectivity will be good and image 
rejection at a high ratio until the 14 mcs. band b readied. An R.F. ampli¬ 
fying stage between the converter and the aerial will, however, keep the 
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Image rejection satisfadory up to about 20 mcs., whilst on the 28-30 mcs. 
amateur band reliance must be placed on the extra rejection obtained by 

regeneration In the R.F. stage. ... . t M ka««i 

8 Variable selectivity in the I.F. amplifier is achieved, as has already been 
seen, either by the use of spedal I.F. transformers with variable couplings 
between their primaries and secondaries, such couplings being controlle 
either mechanically or electrically, or by making the I.F. stage regenerative, 
the regeneration control being once again In the valve s cathode lead- 

Since variable-mu valves are almost always used for I.F. stages, in order 
that they may be effectively controlled from the A.V.C. line, this type of 
regeneration Ltrol gives very good results, although it must tj> reahsed 
that the percentage of regeneration over the stage varies with thit sigmd 
being received, so that selectivity is rather less on a strong signal than on 

2 W Only^one stage of the I.F. amplifier b given variable selectivity by 
regeneration, the first stage, that following the frequency converter, usually 

being the controlled stage. , ... 

It b perhaps, simpler to introduce regeneration into an I.F. amplifier 
working’on 450 kcs. than into a stage with a higher intermediate frequency 
of, say, 1,600 kcs.—and, at the same time, maintain stability over the whole 

amP I l f e a*crystal circuit is to be used in the IF. stage, several different 
degrees of selectivity can be obtained, but in this case it is wise to use 
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variable selectivity transformers rather than a regenerative I.F. amplifier. 
The Crystal Cate, however, is fully dealt with in Chapter 4, and the remarks 
concerning I.F. amplifiers at this point refer to re reivers where no crystal 
is used. 

The sharper selectivity curve of a regenerative I.F. stage has a pro¬ 
nounced effect on C.W. reception, when using the B.F.O. A broad I.F. 
curve working against the B.F.O., with the signal tuned centrally on to 
the I.F. curve and the B.F.O. set to give, say, a 1,000 cycles beat note, 
will allow the signal to be heard in a varying range of pitch, whilst an 
interfering signal, breaking through the first tuned circuits and producing 
a second signal in the I.F. amplifier a few kcs. off resonance, will produce 
a second beat note which may be at the same audio frequency as ihe desired 
signal. To prevent this type of interference, the I.F. curve is sharpened 
to give Single-Signal reception. Whilst true Single-Signal reception is really 
obtained by the use of a crystal gate, a very good approximation to this 
working condition can be achieved by introducing feedback into the l.F. 
stage. 

The sharper curve given to the I.F. response allows the desired signal 
to be heard beating against the B.F.O. at only one point, so that the change 
of pitch with tuning is not observed. At the same time, unwanted signals 
which may break through the first tuned circuits will be rejected by the 
I.F. amplifier, and the result is that whereas, formerly, a signal could be 
heard on either side of zero beat, with single-signal reception the signal will 
be heard on only one side of the zero beat point, the response on the other 
side being so far down as to make the signal either very weak or inaudible. 

Introducing regeneration into the I.F. amplifier is a very simple matter 
since once again all that is required is a small capacity between the grid and 



anode circuits. In a really stable stage a small trimmer condenser can be 
used, with the top or moving plate freed from the adjusting screw and bent 
up at a sharp angle from the bottom plate so -that the final capacity of the 
arrangement is very small, but it is also possible to obtain the effect by 
running a wire from the grid circuit close to the anode circuit, clipping the 
wire down to size until regeneration is at the correct degree. 

If a single-ended valve is used, such as an EF50, the small capacity can be 
arranged between the grid and anode sockets at the valveholder, but when, 
as is more usually the case, a top cap grid valve is used, the capacity can 
be arranged between the secondary of the input I.F. transformer and the 
primary of the output I,F. transformer. 

It is wise to reduce the gain of a regenerative I.F, stage by running the 
valve at a higher bias. By this means, selectivity is increased and the 
chances of overloading the stage reduced, whiist at the same time there is 
greater regeneration control. 

A regenerative I.F. stage is shown in Fig. 8, and It will be seen that it 
follows closely ordinary practice. It will be seen that the introduction of 
regeneration makes no difference to A.V.C, control on the stage. 


Components List for a Regenerative I.F. Stage, Fig. 8. 

Cl, 0.01 mfd. 350 v.w, Non-Inductive. 

C2, C3, C4, 0.1 mfd. 350 v.w. „ 

Rl, 0.22 megohm, £ watt, or to suit whole A.V.C. circuit. 

For 4 volt operation:— 

R2, 10,000 ohms, £ watt. 

R3, 68,000 ,, £ ,, 

R4, 330 ,, £ $$ 

R5, 25,000 ohms variable. 

R6, 2,200 ohms, £ watt. 

For 6 volt operation:— 

R2, 33,000 ohms, £ watt. 

R3, 22,000 „ £ „ 

R4, 330 ,, £ tt 

R5, 25,000 ohms variable. 

R6, 2,200 ohms, £ watt. 

I.F.T.l, 2, 465 kcs. Iron-cored transformers. 

VI, VP41 for 4 volt operation. 

6SK7 for 6 volt operation. 

1 Mazda or International octal chassis mounting valveholder. 

The feedback capacity, CF, is not included In the parts list. 


The Detector and A.V.C. 

The diode detector or demodulator needs no explanation since it is 
such a widely-used circuit, but the alternative detector most suited by its 
characteristics for use in a communications receiver, the infinite impedance 
detector, is shown in Fig, 9. 

The detector does not impose a load on the tuned circuit to which it is 
connected, so that selectivity in the final tuned circuit can be kept high, this 
condition depending on the fact that the load resistance of the circuit across 
which the audio voltages are developed is in the cathode lead, giving high 
negative feedback. The anode current is very low, rising with signals, so 
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Fig. 9. The Infinite Impedance Detector. 

that in no circumstances can the grid become positive with respect to the 
cathode, with the result that grid current cannot flow. 

The high negative feedback gives excellent quality, and whilst no ampli¬ 
fication is obtained from the valve, as is the case with other “ cathode 
follower ” circuits, this detector is well worth using when the receiver is 
to be used for programme work as well as for amateur contacts. 

A filter network should be included in ihe anode supply Hne to prevent 
any chance of hum appearing in the output from the detector. 

A separate valve must be used for the supply of A.V.C. voltages, but 
this is often an advantage in the communications receiver, for the separate 
A.V.C. valve can then be tapped into the I.F. amplifier at a point where 
the response curve is broader than the final response at the detector end. 
This method of A.V.C. feed is sometimes employed for one diode of a double 
diode, but here care must be taken when a crystal gate is introduced into 
the I.F. amp lifier, for if one diode is tapped into circuit before the crystal 
and the second, employed as a detector, follows the filter, a small capacitance 
between the diodes of the double diode valve will be connected across the 
crystal gate with some slight loss in its efficiency. 

An infinite impedance detector gives excellent results when following 
a crystal gate. 

Components List for the Infinite Impedlmce Detector, Fig. 9. 

Cl, 0.0002 mfd. Mica. 

C2, 0.1 mfd. 350 v.w. Non-inductive. 

C3, 0.5 mfd. 350 v.w. 

Rl, 22,000 ohms, i watt 

R2, 150,000 ohms, £ watt. 

R3, 0.25 meg. Volume control. 

VI, MHL4, 224 v., etc., for 4 volt operation. 

6C5, 6J5, etc., for 6 volt operation. 

1 British 5-pin or International octal chassis mounting valveholder. 
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give A.V.C. Fast, A.V.C. Slow, and A.V.C. Off, the time constant of the 
resistance-capacitance combination C2, R2, being made variable by providing 
more than one resistance In the R2 position, such an arrangement being 
shown in Fig, 11. 

A slow A.V.C. action is desirable when the receiver is to be used on 
programme transmissions? and is also useful for use on C.W. transmissions. 
A fast A.V.C. action, when code is being received, will tend to give fluctua¬ 
tions of the noise level between the code characters, but a slow action will 
“ hang over ” between the characters so that the A.V.C. is usable in that 
case with C.W. transmissions. A fast A.V.C. is also useful on rapid fading, 
however, so that if two positions are provided as in Fig. 11, the slow 
position using a 1 megohm resistance, the fast position using a \ megohm 
resistance. 

The A.V.C. diodes are shown as being fed through a small condenser 
from the anode of the last I.F. amplifying valve, so that the A.V.C. is taken 
off before the B.F.O. has effect, but as has already been shown, the diodes 
may be connected in at a previous stage. 


Components List for the A S ” Meter Stage t Fig • 10. 

Cl, 

50 mmfds. Silver Mica. 

€2, * 

0.25 mfd. 350 v.w. Non-inductive. 

C3, C4, C5, 

0.1 mfd. 350 v.w. Non-inductive. 

Rl, R2, 

1 megohm, $ watt. 

R3, 

750,000 ohms, $ watt. 

R4, 

(For 4 volt operation) 330 ohms, & watt 

R4, 

(For 6 volt operation) 390 ohms, } watt. 

R5, 

68,000 ohms, i watt. 

R6, 

4,700 ohms, i watt. 

R7, 

100 ohms, variable, wire-wound. 

M, 

1 mA. Meter, . 

SI, 

S.P.D.T. A.V.C. On-Off. 

VI, 

DDPen for 4 volt operation. <■ 

6B$G for 6 volt operation. 

1 British 7-pin 

or International octal chassis mounting valveholder. 

for the two A.V.C. speeds given by the circuit of Fig. 11, 

R2a, 

1 megohm, | watt. 

R2b, 

470,000 ohms, i watt. 

SI, 

S.P. 3-way. 


A.V.C, Controlled Stages 

No matter by what method the A.V.C. voltage is obtained, there still 
arises the question of the number of stages to whidi A.V.C. shall be applied, 
and which stages shall be chosen for control. 

Here, again, the matter is largely one for individual choice, and if the 
“ S ” meter is fed from the A.V.C. line direct via a pentode, In the manner 
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Fig. 11= A variable A.V.C. arrangement. 

just shown, considerable latitude In the choice 6 t the stages control Is 
nossible If the receiver is to be used for programme work oh a local 
Station as well as for distant contacts and listening, the local station win 
call for a fairly high number of controlled stages to prevent overloading, but 
if there are no strong signals at the receiver location, then control of two 
stages only in the receiver Will be satisfactory. 

In the first place It is wise to leave the R.F. stage uncontrolled. In order 
that it may work “ full-out ” and since this stage has the first manusd control 
In Its cathode circuit, it should be possible to prevent overloading of the 
taput sSge bj the us; of this control alone. The R-F. stage, therefore, w.l 
be left free of control, whidi may be applied to the frequency converter 
the first valve In the controlled chain. 

If control is also applied to the first I.F. stage, leaving the second stage 
dear, these two valves, converter and first I.F., should then exercise suffic en 
control over the rest of the receiver for all ordinary purposes. 

When the receiver is to be used alongside a transmitter, however, the 
situation is different, and in this case not only should the R.F. stage have 
A V C tot it should also be possible to switch in a high bias hne, supply- 
a neSive btas from a subXary pack or battery. By -*ing a high bras 
this manner the station receiver .pay be used as the 'phone monitor or 
CW monitor even with the Input shorted to earth, since in t e majony 
of cases suflteient R.F. will break through when the transmitter is at the 

HSTfrwMncy. M»H»S Hgh ** ‘ 

manual volume control on the station transmitter monitoring, and the set, 
Instead of idling when switched to ptandby, or Transmit, wilt still be per¬ 
forming a useful task. 

The controlled chain of valves in this case may well be 
and both I F. stages, leaving the frequency-changer clear ** 
course being applied only to the R-F. stage, the signal from the station 
transmitter thus being attenuated in this stage alone, the rest of the receiver 
working normally. The arrangement of a high bias line will be shown in 
Chapter 6,, and a suitable pack in Chapter 7. 
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The " S *' Meter 

Whilst there are many advantages in connecting the " S ” meter to its 
own individual valve, this is not economical when the A.V.C. voltages are 
supplied from a diode of the double diode detector-A.V.C. valve, ■ and the 
meter in this case will be connected into the I.F. section so that it is operated 
by the changing anode current of the A.V.C. controlled valves. 

The simplest connection is to feed the whole I.F. amplifier with current 
from the main H.T. line through the “ S ” meter, or, if a low current meter 
is used, one valve is fed through the meter. 

The “ S ” meter is shunted by a wire-wound variable resistance of, say, 
1,000 ohms. The meter is then set to the zero position by allowing the 
I.F. amplifier to work at full output with no signal applied to the set, the 
variable shunt across the instrument then being adjusted to give a full-scale 
deflection. When signals are passed through the receiver, the A.V.C. line 
switched into action, the rising bias with a rising signal strength reduces 
the. anode current through the meter so that the pointer deflection is 
reduced. Here, again, there is the disadvantage that unless a right-hand 
zero instrument can be obtained the meter must be mounted upside down, 
the scale being recalibrated to suit .the new conditions. 

In Fig. 12 is shown a bridge circuit in which the “ S ” meter ‘works in 
a straightforward manner, since the pointer deflection increases with signal 
increase. 
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The bridge action occurs between the current flow in the anode circuit, 
which is liable to change with signal strength, and the current flow in a 
v oltage -divider through which are supplied the screens of the I.F. valves. 
Since it is necessary for the current through the screen arm of the bridge 
to be very similar in value to the maximum current through the anode arm, 
the voltage-divider must be adjusted to give such a current, taking into 
account both the current through the valve screens aid that flowing through 
the divider itself. 

To set the “ S ” meter when this bridge circuit is used, the I.F. 
amplifier i s set for -full output with no signal applied to the receiver, the 
meter being set to-zero by Rl. The pointer indication will then rise when 
signals are allowed to pass. 

Components List tor the “ S ” Meter Circuit, Fig . 12. 

Rl, 1,000 ohms, variable, wire-wound. 

R2, 330 ohms, i watt. 

R3, 270 ohms, i watt. 

Cl, C2, 0.1 mfd. 350 v.w. Non-inductive. 

Note. —The values of R4 and R5 depend, as has already been shown, 
on the current flowing to the screens of the I.F. valves, and upon the maxi¬ 
mum anode current through Rl. To take a concrete example, the maximum 
current for a 6K7 used as a controlled I.F. valve in the anode circuit is 
approximately 10.5 mAs. Thus, 10.5 mAs. must flow through R1-R2 and 
R4. Supposing that a pair of. 6K7’s are used in the I.F. amplifier, the 
screens will require a total of approximately 5 mAs. at 100 volts. Thus, for 
a pair of 6K7’$, suitable values would be:— 

R4, , 15,000 ohms, 2 watt. 

R5, * 22,000 ohms, 1 watt. 

M, 0-1 mA. meter. 

The calibration of the “ S ” meter Is also, unfortunately, a matter of 

Individual choice. “ S9 ” has yet to be given a definite value, although In 
certain commercial receivers “ S9 ” indicates either a 50 or 100 microvolt 
Input to the aerial sockets. Presuming that “ S9 ” indicates an input of 100 
microvolts, however, it must not be supposed that the receiver is therefore 
standardised, for the connecting of a pre-selector or V.h.f. converter between 
the aerial and the receiver will throw the " S ’* meter completely out of 
calibration since there will now be the gain of the new unit to take into 
account, whilst in actual fact the “ S ” meter gives a true reading only at 
the frequency, and with the input conditions, that obtained at'the time 
of calibration. 

Moreover the noise level of the receiver will affect the “ S ” meter 
when no signal is being received, so that It would probably be more accurate 
to give signal strength as points above “ SI ” rather than above “ SO.*’ 
A gain , the " S ” meter gives an indication which may be affected not only 
by the manual gain control of the R.F. stage but also by any gain control 
or controlled regeneration control fitted to the I.F. amplifier. Thus, for 
comparison between stations the “ S ” meter is not of real value, although 
Its readings are often quoted—the real value of an “ S ” meter |$ to judge 
the effect of adjustments made at the distant transmitter, or to show the 




























gain obtained from the nie of a different transmitting aerial, or to -show 
the effect on a distant station, of fading or similar variable conditions. For 
station reporting^ also, the true way to use the “ S ” meter is to take a 
noise reading on the station channel with the station off, and a second 
reading with the staiioil on, thus obtaining a reading which is the difference 
between the station level and the noise level, the report being given as 
number of decibels or “ S ” points above noise. The “ S ” meter is also 
of great use for checking the radiation patterns of aerials—rotating aerials, 
used at the transmitter, the “ 6 ” meter readings being noted whilst the 
transmitting aerial is turned through a whole revolution, the readings being 
plotted against rotation. Such tests should, of course, be made between 
transrditters and receivers located close one to the other, since such tests 
conducted over a distance give meaningless results due to fading which 
cannot be checked. 

The nine points on an 4 ‘ S ” meter are generally separated by 6-decibel 
spacings; that is, between each “ S ” point and the next there are six 
decibel, points. Since six decibels corresponds to a doubling of voltage, this 
means that each successive “ S ” point indicates, or should indicate, that 
the signal voltage at the aerial terminals has been doubled. 

The “ S ° meter may be calibrated, therefore, by the use of a signal 
generator with a calibrated microvolt output scale, 44 S9 ” being set at a 
known level and the points calibrated down in terms of decibels, each point 
indicating double the input of that required to give the point below it. 

If a signal generator with calibrated output is not available, probably 
the most satisfactory calibration will be given by printing points on the 
scale showing the same degree of rise as that already suggested, the calibra¬ 
tion being made against a good moving coil instrument. The “ S ” meter 
will then be an indicator with an unknown reference level. 

A third method of calibration is to style the half-full-scale-deflection 
point of the meter “ X,” with points above and below this calibrated as 
2X, 3X, 4X, etc., and }X, JX, JX, etc.,, so that the scale, although once 
again calibrated to an unknown reference point, can give readings against 
X of standard gains or losses. This is Hone by bringing the “ S ” meter 
deflection to X on any received station by the use of the R.F. or I.F. manual 
gain control, fading or station adjustments then showing on.the meter. 

The Noise Limiter 

Of the various noises which may be received along with the desired 
signal, the most troublesome is impulse noise, such as is caused by the 
ighttioh system of cars. A circuit which would remove the noise entirely 
whilst passing the station signal would be extremely difficult to devise, but 
it is found that when noise is troublesome its amplitude is invariably much 
greater than the signal amplitude, so that limiting the noise amplitude down 
to the signal amplitude effects a simple and very effective cure. 

Several noise limiting circuits are available to the constructor, some 
working on the audio amplifying stages and some in the detector stage, but 
the simplest limiter, with adjustable and controlled action, is the series- 
diode circuit. 
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A diode ts biased from a voltage-divider circuit between the positive 
and negative H.T. lines in such a fashion that a signal of high amplitude, 
presented to the valve, renders the diode non-conducting for the duration 
of the signal, signals of smaller amplitude being passed without causing this 
action. The diode thus “ chops ” peaks of noise which, being of short 
duration thus cause 4 ‘ holes ” in the audio signal whicK&re barely notice¬ 
able, so that signals can be read through ignition and similar impulse 
interference. 

The biased diode is* placed between the detector and the audio gain 
control, and may be used with either diode detectors or detectors such as the 
infinite impedance type. The two circuits to be used are shown in Figs. 
13a and 13b. 

If necessary or desirable, the noise limiter can be switched out of action 
by a D.P.D.T. switch, one position of the switch plakfng the limiter in 
circuit, the other position switching out the limiter and passing the signal 
straight to the audio gaii) control. 

A slight drop in audio output is consequent upon the use of a limiter, 
but this can be masked with the audio gain control. 

The level at which the chopping action takes place is set by the bias 
applied to the diode through the control potentiometer R5 in Figs. 13a and 
13b, and this is adjusted on a signal mntil distortion commences. The 
control is then backed off slightly to dear the signal of distortion, and will 
then limit noise with a higher amplitude than that of the signal. The limit¬ 
ing control must, of course, be readjusted for signals of varyii^j strength 
although the levelling action of A.V.C. is of help in this instance. 



Fife. 13a. Diode Noise Limiter with Diode Detector. 
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'Fig. 13b.- Diode Noise Litiiiter with Infinite Impedance Detector. 


Components Ust for the Noise Umtter, Figs. 13a and 13ft. 


in 


411, < 
>R2> 

R3, 

R4, 

R5, 

C1.C?. 

t3, 

VI, 


220,OOO ohins, § waft. 

47,000 „ | „ 

33,300 „ | „ 

39,000 „ i „ 

IQ, 000 otaqs variable. 

0,1 mfd. 350 v.w. Non-inductive. 

8 mfd. 350 v.w. Electrolytic. 

Dl, DD41,i etc., for 4 volt operation. 
6H6, qtc., for 6 volt Operation. 


When using a double 4iode» the Anodes and cafbodes may be strapped 
pairs to give a single diode. * 


Chapter 4 

, JEHE CRYSTAL FILTER 

i 

The crystal gate, jas the crystal filter is popularly called,.may be in¬ 
cluded in the I.F. amplifier' of tjhe communications receiver to give an I.F. 
response curve shaped j either as a Single peak, this peak being steep-sided 
and narrow, indicating sharp selectivity and! rapid fall-off of * response to 
either side of the central frequency, or by the use of a pair of crystals, 
as a double-peaked, bandpass response with sharp cut-off sides and a region 
on either side of the pass-hand of zero response. 

The crystal or crystabus&l in spelt, A fitter are cut from quarts as is 
the ordinary oscillating crystal used for frequency stabilisation* the crystal- 


cut being so made that the filter crystal resonates at or very near the I.F. 
used in the receiver. A crystal so cut acts as a tuned circuit of very high 
Q or efficiency, this tuned circuit efficiency being very much higher than 
can he achieved by the use of an I.F. transformer, the selectivity also being 
improved to a value which could only be obtained by a multiplicity of I.F. 
stages were no crystal to be used. 

Not oniy is the greater selectivity of the I.F. amplifier useful in giving 
a " single signal ” effect, or in assisting the rejection of signals a few kcs. 
off the resonance point, but the sharp response curve also improves the 
signal-to-naise ratio as far as the I.F. stages are concerned, since noise level 
is cut with the cutting of the pass frequencies. 

The crystal filter is used as a coupling between stages in the I.F. 
amplifier, the selectivity introduced by the coupling being variable and under 
control when the single crystal is used. The term crystal " gate ” really 
refers to single crystal working. 

There are differing advantages and disadvantages obtained by the use 
of either single or double crystal working, but it is felt that the single 
Crystal filter will be most suitable for the majority of amateurs, especially 
when the receiver is being home-constructed. The double filter, giving as 
it does a narrow band-pass action, is excellent for C.W. work, but is not 
open to such simple variable selectivity adjustment as is the gate, whilst 
the crystal expense is doubled. For telephony, a pair of crystals separated 
by a few kcs. must be used, and for C.W. a pair of crystals separated only 
by 300 or 500 cycles is used, so that the crystal expense rises by reason 
of both the extra crystal and the accuracy of the cut required. Whilst 
tuning is simpler when the band-pass arrangement is adopted, since the I.F. 
response curve Is a fiat top instead of the single crystal peak, the variable 
selectivity obtained by the use of the simpler gate circuit minimises tuning 
troubles and is more suited for non-specialist working. 

The basic essentials for crystal gate operation are simple and the action 
quite easy to understand. A crystal acts as a tuned circuit of extremely 
high efficiency at its resonant point (the equivalent electrical circuit being 
a series-tuned rather than a parallel-tuned circuit), the impedance of this 
tuned circuit being very low at the resonant point but rising very rapidly 
on either side of resonance to practically infinity. A crystal, acting as a 
coupling between two I.F. amplifiers and cut to resonate at the intermediate 
frequency — say, 455 kcs. — will thus provide very good coupling charac¬ 
teristics at the I.F., but will reject signals a few kcs. off the central frequency. 

A crystal, however, cannot be used alone. In the first place, it must be 
supported in a crystal-holder, and the plates of this component act as a small 
capacitance which will pass to some degree the frequencies which the crystal 
is rejecting, whilst at the same time the crystal will have an impedance 
which requires matching not only to the stage feeding into it but also to 
the stage following the filter. At the same time, it is necessary to arrange 
a small degree of feedback, in a circuit similar to a neutralising circuit, to 
offset the disturbing capacitance of the crystal-holder's plates, this small 
feed being 90 degrees out of phase with the feed through the stray 
capacitance. 
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Accordingly, to supply all these requirements, the crystal circuit is fed 
from a special I.F. transformer with a centre tap to earth, this centre tap 
being either an actual connection at the centre of the coil or supplied as 
an electrical centre tap by a pair of condensers across the secondary of the 
transformer, their junction being earthed to the chassis. 

This arrangement is shown in Fig. 14, where the secondary of the 
first transformer is actually centre-tapped. 

The effectiveness and efficiency of the crystal gate depends to a very 
large degree upon the following impedance which, in Fig. 14, is supplied 
by the following transformer and valve. As the impedance Z of this circuit 
rises, so will the signal voltage developed across the impedance rise, but 
this has the effect of reducing the apparent Q of the crystal circuit and thus 
of reducing the selectivity. 

By varying the impedance of the circuit following the crystal, it is 
therefore possible to obtain the variable selectivity effect which is so desir¬ 
able for use on different types of signals. In this respect the crystal gate 
is superior to the double crystal band-pass filter. The input circuit, however, 
can have the same effect on the selectivity, and in practice it is usual to 
connect the variable selectivity control into the crystal input circuit, detuning 
of the input circuit by a condenser giving higher selectivity. 

It will be seen that special transformers are necessary for use with a 
crystal filter, and in Fig. 14 the second tuned circuit, which is acting as an 
auto-transformer, must be tapped to match the crystal impedance. This state 
of affairs is further complicated by the fact that two types of crystal are in 
use, the Y-cut crystal as used in American receivers, having a low impedance, 
and the X-cut crystal, more often used in British receivers, having a high 
impedance. By the use of an X-cut crystal, however, and by using a circuit 
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with high input impedance to follow the second tuned circuit, the tapping 
on L3 can be dispensed with and the crystal filter connected to the top end 
of the tuned circuit. 

C2 in Fig. 14 is the variable condenser used to balance out the stray 
capacity of the crystal-holder, and is termed the “ phasing " condenser. 
When the phasing condenser is set to balance the circuit, the response 
curve of the filter is symmetrical, but if the phasing condenser is varied to 
a small degree on either side of the balancing value, the symmetry of the 
response curve is lost and a point of zero signal voltage occurs on either 
the high or low side of resonance, this point of zero signal approaching or 
receding from the central frequency as the phasing condenser is varied in 
capacitance. By this means, therefore, true single-signal reception is possible 
since the zero response point can be adjusted to fall on an interfering signal. 
The response at the opposite side of the response curve rises, however, so 
that it is possible to introduce interference from a third signal whilst cutting 
out interference from a second, but in general the benefits given by the zero 
signal point are very well worth while. 

The selectivity, even at the minimum position, given by the filter circuit 
of Fig. 14 is sufficiently high to make tuning on a telephony transmission 
so sharp that considerable sideband cutting ensues, and so a switch across 
the crystal may be provided to cut the filter out of action. 

Fig. 14 may be changed from the crystal gate to the band-pass crystal 
filter circuit by connecting a second crystal across the phasing condenser 
C2, this second crystal being separated in frequency from the first crystal by 
the bandwidth frequency it is desired to pass. C2 may then require some 
decrease in value to deal with the new balance point. 

In Fig, 15 is shown a crystal gate with a wider range of selectivity 
control, the control itself also being simpler since a variable resistance is 
used on the output side of the filter. An input transformer matched to the 
crystal impedance is used, whilst phasing is now carried out by means of 
a differential condenser. The input coil L2 is centre-tapped electrically 
rather than physically by the use of a pair of condensers. 

The output tuned circuit must have a high Q, and the selectivity control, 
Rl, may be variable either smoothly or in steps, a set of resistances con¬ 
nected to a switch being used in the latter case. L3 and C4 must, of course, 
be capable of tuning to the I.F. in use. 

The main difficulty attached to the incorporation of a crystal gate in a 
home-constructed receiver lies, therefore, in the provision of a suitable input 
transformer for the filter, for if a crystal is obtained as a separate component 
its characteristics must be known before a transformer matched to its im¬ 
pedance can be bought or made. Moreover, the transformer characteristics 
depend upon the filter circuit used. In Fig. 14 the transformer requires a 
high inductance primary with a secondary tightly coupled to it, whilst L3 
must be tapped at a suitable point unless a high input impedance valve 
circuit is used to follow the filter. 

In Fig. 15 a step-down ratio is needed in the input transformer, at least 
for some crystals, whilst a high Q tuned circuit must follow the filter. 

The filter will, of course, work with a mismatched transformer and give 
high selectivity, but the loss of gain over the filter wiil be very serious. Even 
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with correct matching there is a loss, real or apparent, in tte gain over the 
filter—the higher selectivity will, at best, cause an apparent Crop in gain by 
reducing background noise and signal sidebands—but when two I.F. stages 
are provided, there will be gain in hand to compensate for this loss. 

The wisest plan, therefore, would appear to be the buying of a complete 
crystal biter unit for incorporation in the receiver, when it would be known 
that the LF. transformers were properly matched to the crystal, or the 
transformers and crystal may be obtained as matched components, and the 
unit built up with its associated condensers, but the experimenter may care 
to test various transformers against his crystal in an endeavour to obtain 
a filter at the lowest cost without loss of efficiency. 

In this case it is advised that tests be made using the circuit of Fig. 15. 
The input transformer may be made experimentally from an old I.F. trans¬ 
former of the correct frequency—465 kcs. is advised—the secondary winding 
being stripped of half its turns. The centre tap being electrical, further 
experiment can be carried out on this winding until the most favourable 
results are obtained with the crystal to be used. 

The phasing condenser can be made by mounting two midget tuning 
condensers together, their spindles being coupled via a coupling unit so that 
with one condenser at full mesh the second condenser is at zero mesh, or 
minimum capacitance. 

The high Q circuit of L3-C4 may be one side of an efficient LF. trans¬ 
former, or a pre-tuned LF. rejector coil of the iron-cored variety might be 
tried in the position. 

The type of crystal obtained will govern the circuit constants to a high 
degree. 
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The position of the crystal gate in the LF. amplifier depends to some 
extent on the following circuit, and in this connection the infinite impedance 
detector makes an excellent folloving stage to the filter. The gate is often 
shown immediately following the frequency-changer, but since the filter 
requires a fairly high input signal for its most efficient operation, it is wise 
to allow for some LF. amplification prior to the filter. The Q of the tuned 
circuit L3-G4 in Fig. 15 will be assisted by an infinite impedance detector, 
and so, when such a detecting stage is used, the obvious place for the filter 
is between the LF. amplifier and the detector. Where diode detection is 
used, however, the filter may be used as the coupling between the two LF. 
stages. 


Components List for the Crystal Gate , Fig . 14. 

LI, L2, High inductance — close-coupled I.F, transformer, C.T. 

secondary. 

L3, LF. coil, tapped down to suit crystal. 

Cl, 100 mmfd. variable. Selectivity control. 

C2, 15 mmfd. variable. Phasing control. 

C3, 60 mmfd. variable trimmer. 

C4, LF. tuning trimmer. 

Crystal, 465 kcs. 

S» Crystal shorting switch. (Low capacity type, with short 

ieads to crystal.) 

Note.— To experiment with this circuit, use a high impedance or X-cut 
crystal and dispense with the tapping on L3 by using an infinite impedance 
detector as the foilowing stage. Adapt LI, L2, by using an I.F. transformer 
with ceils mounted on a central dowel, moving the secondary coil close to 
LI and mounting, on the other side of LI and at the same distance, a second 
secondary coil identical with that already fitted, obtained from a second 
similar transformer. These two secondaries are then connected in series, 
thus providing a high inductance centre-tapped winding. 

Test LI both with a trimmer condenser in parallel and without. 


Components List for the Crystal Gate , Fig. 15. 

LI, L2, Tuned primary — low impedance secondary LF. trans¬ 

former. 

L3, High Q LF. coil. 

Cl, C2, 0.0001 mfd. Mica. 

C3, 10 mmfd. Differential. (See text.) 

C4, I.F. tuning trimmer. 

Rif 5,000 ohms variable. Selectivity control. 

Crystal, 465 kcs. 

S* Crystal shorting switch. (Low capacitance type with 

short leads to crystal.) 

In either circuit the whole filter is cut out of action by the switch across 
the crystal, leaving the LF. amplifier working at its normal selectivity. 
























Chapter 5 

THE BEAT FREQUENCY OSCILLATOR 
to ? * Simpfe oscil,alin g circuit Hoiking on a frequency dose 
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a^Iifier so that s^u nCS , T Signal p3Ssed to the detector trom the I F. 
«in™TV . s,gnaIs wh,ch are not modulated, such as C.W. transmk- 

audib'le ramie ^Th" C0 ? tent ’ tlle heterodyne frequency being in the 

^.■r TaJ -Z “f *T‘ ber " ilh a “—■* taring 

«.din ttat drcnit U usually tapped near the earthed 

a circuit iLfw ** V osclllator clrcuit arrangement can be used, such * 

a circuit being botll economical in components and very stable. 

of tfn^LInu 6 "^ 6 W . trkKie J ValW may . be used as an oscillator, the choice 

given in the Figs le^nd 17 . c,rcu,ts , and components values are 

g ■ 6 and 17 with their associated components lists. 
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In Fig. 16 the B.F.O. is shown as one-half of a double triode valve, the 
second part of the-valve acting as an infinite impedance detector. This form 
of construction is excellent in that the coupling from the B.F.O. to the 
detector takes place within the valve itself, via stray capacities, so that no 
further coupling is required. Unfortunately, this type of circuit can be used 
only with American valvqs of the 6F8 type or similar, since there are no 
4-volt double triodes suitable for the purpose. 

The infinite impedance detector in this circuit is shown as being of 
slightly different design from that described in Chapter 3, since filtering in 
the cathode circuit is assisted by the choke, R.F.C., which, of course, should 
be effective at the intermediate frequency. 

Separate triodes can, of course, be used with the same component values 
to give equivalent operation, a small coupling condenser then being used 
between the grids of both valves as Cc of Fig. 17. The condenser Cc has 
a very small value of capacitance, and may be made either by removing the 
adjusting screw of a 30 mmfd. trimmer and bending the top plate at an 
angle to the bottom plate, thus providing the small capacitance required, 
or by wrapping a lead from the grid of the B.F.O. round the grid lead 
of the detector (or the anode lead of the detector if a diode detector is 
used), both leads being insulated. 


Components List for the Combined Impedance Detector 


Rl, 

R2, 

R3, 

R5, 

Cl, C5, 

C2, C3, 

C4, 

B.F.O. coil, 
R.F.C., 

SI, 

VI, 


and B.F.O., Fig. 16. 
22,000 ohms, J watt. 

150,000 „ i „ 

10,000 „ i „ 

47,000 „ i „ 

0.5 mfd. 350 v.w. Non-inductive. 
0.0001 mfd. Mica. 

150 mmfd. variable trimmer. 
YVearite B-FO or similar. 

Choke, Eddystone 1066 or similar. 
S.P.S.T. B.F.O. On-Off switch. 
6F8. 


1 International octal chassis mounting valveholder. 


Note. —Several 4-volt valves may use the same B.F.O. circuit, for a 
separate detector-B.F.O. arrangement. The AC2HL or 354V oscillate well, 
an MHL4 or 224V being used as the Infinite Impedance detector. 


Components List for the Pentode B.F.O., Fig. 17. 


Cl, C3, 

0.0001 mfd. Mica. 

C2, 

150 mmfd. Variable trimmer. 

C4, 

0.1 mfd. 350 v.w. Non-inductive. 

C5, 

0.5 mfd. 350 v.w. „ 

Rl, 

68,000 ohms, \ watt. 

R2, 

15,000 „ 1 „ 

R3, 

10,000 „ 1 „ 

B.F.O. coil, 

Wearite B-FO or similar. 
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SI, S.P.S.T. B.F.O. On-Off switch. 

V1, VP41, etc., for 4 volt operation. 

6 K 7 , etc., for 6 volt operation. 

1 Mazda or International octal chassis mounting valveholder. 

Note. Cc, small coupling condenser to detector. See text. 

T° adjust the B F.O. tlie receiver should be tuned to a C.W. signal of 
moderate strength, the B.F.O. being switched off whilst the signal is toned 
sharply the tuning being on the carrier hiss. The B.F.O. is then switched 
on and tuned to give a suitable beat note with the signal code, the receiver 
tumngb«ng left untouched vhilst the B.F.O. tuning is carried out 

The B.F.O. is then set for all C.W. signals. 

i vr”'T e o' 5?-°- '"*» a diode detector amt A.V.C. 

the A m *V' 1 i d ” d ofi ,or C w - Where 

the R F "n" rt. ■ i f d from thc I F - amplifier before the introduction of 
the B.F.O carrier, however, the A.V.C. line may be left on for C W recen 
turn providing that a “slow” A.V.C. action is obtainaMe. 


Chapter 6 

PRACTICAL RECEIVERS 

r — 1 ! it h ,i" t - ll ' C f f °" 0wing «>»™ the circuit dh«rems, rrfth com. 

p ents lists, of a series of practical communications receivers. The circuits 

U Jrf b 0 th *r mp * e and t . more com Phcated designs, the simpler circuits being 

Sn tf, -° n en8th ° f the fact that even thou «h t^y are Iess 

than their compamon receivers they are still of great value as true “ com- 
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” t recelvers lft that they Mpiy fi » the role Of Hstenfog-posf 
at either the transmitting station or short-wave receiving station * 

Wh«st the simpler circuits may have two-control tuning-i.e., separate 

a " d aerlal ' tuned circuits—to enable the coifato he 
imme-made and tracking to be adjusted without the use of trimming and 
*h® more^omplicated receivers require to have ganged tuning if 
ail tlie benefits of the mere comprehensive circuits are to be realised 

The writer's experimental work has shown that for full coverage of, toy 
S , or f . 30 mrires. -the work involved hi building and especially in 

ttohZ ^ ^ r ^ rkin S home-made coils is too fine and time-consuming for 
the home workshop. The value of home-made colls must lie in their sim¬ 
plicity, and SO two systems Of receiver-tuning -are shown. For receivers 

helr windfo?^ 5“ hands °hly, home-wound coils are shown, with 

Tto^-iZ S * *?«*'**?* aerial and oscillator tuning is employed. 

he cmlsare wound and the tuning Capacitances are chosen in such a manner 
toat each coil covers tlie band for which It is specified, the inter-amateur 

SSJTT*! Z^ in2 . C0Vered - By this mcans ' those squiring amateur 
reception are catered for; the circuits being both selective and easy to tune. 

to „ Ja < i° VCr Whole freQ “ ertcy Van ge, however, larger condensers must 

be used to avoid a great multiplicity of cbils, and accordingly commerdaJIy- 
made coil sets are specified. Since these colls are intended to be tuned by 
Ringed condensers of 0.0005 mfd. capacity or similar, bandspreading provi 
sion is made so fhat at any frequency thtmain toning gives wav to fihe 
toning whenever necessary. In this vay all frequencies arfrecel^d Sid at 
thesame time the crowded bands are “ opened out ” to a very considerable 

receiver of any type must be constructed with great 
care, since the number of stages working at radio and intermediate fre- 
quendw increases the possibility of feedback, especially where such stages 

rk? 6 r * gen f r! ! tive - The layout should follow In logical steps 

the R.F. stages being grouped to one side of the toning condenser assem bl y 
or assemblies, each stage opposite its own section of the condenser with 
the I.F. amplifier following the mixer stage in line, the transformers being 
mounted between the vaives wherever possible, since ttelSS 

valve n scr S een S e foraT thc 4 ^ F » is wise *» Provide Eternal 

vaive screens for all the R.F. and I.F. stages, but if this is thought uwieces- 

: to- y rt JT/ V f be *** without «*> valve screening, the Ze ei .s 
being added later if there should be any trace of instability 

The circuits shown all Include extensive , decoupling for’each stage. 

mich^ h ! rece,vers be bu »K °n aluminium chassis. A copper Cassis 
UM^it be even more suitable, although the extra efficiency so SZL ifi 
arfkta.1 to ghe ahy noticet&le remdt, but Si £" 

ChaMu layout and especially panel layout, must be clean and .™ 
metrlal. Where both main tuning and bandspread timing u used tern 
Mts of condensers should have e good slowmotk* drive ,id uTtiS 
that drives ot the panel dial reriety rrith cards (or SSal 
mounted m an escutcheoh should be used. Two methods^ of 
sPtrisIbfe. For rite g.«„, Bstener, the banshpr^ 
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condensers are then available f nr ^ on ^ e ’} ser c °ntroI. The bandspread 

t«chS^lS»£^"Si h T ev "• 1 '"" - “* ««a* 

bandspread condense? at haTf mJSTS 1 ? a, , to Sh ° W band ,imits wlth the 
calibrated in tets of ea TtSf ^ ^ dteI itself bei " g 

r«e“ y aH^S, S S r u ^ C tS A°C/DC T’" "** ** bMU ln 

s=r Sv'T^ - 

^^T e, ’. u :^^' ra : i, ° ,a,he “ rt 

It will be noted that in the majority of diagrams two H T !,•„** 

™i. i '" 0 ?h" nC V0 ! l “ ae of 250 otter at the 

~ iix 

well as making screen decoupling simple. resistances, as 

f eceiver * a . re shown with straight I.F. amplifiers—that is no crvstaf 

with ^selectivity obtained^ ttema i° rityof constructors will be content 
and that “t'vlty obtained from tlie use of a regenerative I.F. stage alone 
and that If a crystal gate is to be included in the circuit the drfailTto 
Chapter 5 will enable the work to be carried out without trouble. 

Receiver Alignment 

ere J^ USl T nt ° f th , C communica tions receiver must be carried out with 
8 %™Hrh ™Lf«f ,8naI . Senerat ° r ‘ is essentiaI - Procedure is as follows - 
tina^!^ T b ° th r ? ceiver and generator, and allow tliem to reach opera- 
8 J* mperature — a t,me of ten minutes at least should be allowed. 

metttJ^rftSrftf^^M 5 he t , receiver shou M be connected into an output 
etar, either of the Magic Eye type or the “ Output Meter ” sockets of a 

'‘SSSSf flSw ^ aHgnment ^ ° f «"* « ^ I F. amplifier! 
mete Se A VC Tw i ,k, ""f?’ if tftted * «** he used as the output 
« »®k ™ A '. C : ^ in th,s case being left switched on. The usual nrac- 

M u g V hC SCt Wlth the A V C «oe switched off, since the 
£T SL r Wi , th the recdver rannln S a » maximum gain so 

lOthpAvTr 3 Sepa 5 ate, L fed ” mcter * such “ that shown in Fi“ 
lO, the A.V.C. line may be off, so far as the receiver is concerned whiut 
the meter will still operate, with enhanced sensitivity. ’ 

fiate T !f e fittfd°‘if h< M I l te S “ ° ff for a11 ahgumcnts, whilst the crystal 
gate, if fitted, should be switched out of circuit. Clip the earth lead of the 
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signal generator to the receiver chassis and take the signal lead from the 
generator to the grid o&the last I.F. amplifier and set the generator to the 
required I.F—465 kcs. for the circuits shown. Trim the last I.F. trans¬ 
former to give maximum output, reducing the generator signal as the circuit 
comes into tune. With this transformer set, re-connect the signal lead from 
the generator to the grid of the first I.F. stage, and trim the next-to-last 
l.f. transformer for maximum output in the same manner. (Further I.F. 
stages following the frequency converter should be trimmed in turn, working 
back always to the frequency converter; this applies to a commercial receiver 
using several I.F. stages.) 

To align the first I.F. transformer, connect the signal lead from the 
generator to the signal grid of the frequency converter, disconnecting the 
lui c> ClrCUlt aIUed with the frequency converter should the signal passed to 
. . 1-F. amplifier appear very weak. This will be caused by a high-frequency 
circuit acting almost as a short circuit to the considerably lower frequency 
ou put o the generator. The output from the generator must be kept at a 
ow level jwhen feeding into this stage, however, since the LF. amplifier is 
•now tuned and will be givings high gain to the signal, so that overloading 
must be prevented. 

. ® * crysta ‘ gate is incorporated in the I.F. amplifier, the alignment 

sh ° ul f ef ca ™ cd out up to the frequency converter stage as already des¬ 
cribed, the I.F. as set by the signal generator being as near as possible to 
the exact crystal frequency. The crystal gate is then switched Into circuit, 
and the signal generator varied very slowly to a slight degree on either 
side of the set frequency. A rise in output from the I.F. amplifier as the 
generator frequency is slowly varied indicates that the crystal peak has been 
ound, and the generator should be left at the frequency causing the output 
rise, and connected into the frequency converter, whilst the I.F. amplifier is 
given a final adjustment to brjng it to resonance with the crystal 

It I* best to use an unmodulated output from five signal generator for 
aligning the I.F. amplifier when a crystal gate Is in use, using the “ S ” 
mrfer indications on the generator carrier. If no “ S ” meter is fitted, the 
B.F.O. may be switched on and adjusted to give an audio signal at the ' 
output sockets of the receiver, alignment being carried out by bringing this 
audio signal up to maximum output. 

■ T h ! LF ' aa, P Iifier . ls now set, and should be left as it stands whilst the 
remainder of the receiver is aligned. 

The procedure for aligning the R.F. circuits will vary with the type 
of receiver, for in the simpler separately-tuned aerial and oscillator type of 
set, where no R.F. stage is employed, no further aligning will be required, 

two tuning di S j' gna generator can ** used very effectively to calibrate the 

The oscillator dial is the main tuner, in such a receiver, and sienals 
tuned >rith this dial, the aerial tuner being kept roughly in step 
until the required signal is heard when the tuning L be fine^usS 
It will be sufficient, therefore, to calibrate the oscillator tuning dial in fairly 
close frequencies with broad frequency indications only on the aerial dial 

For a receiver employing ganged tuning,-however, the oscillator circuits 
must be set for tracking, the adjustments belfig made on each frequency 
range by the following method;— ^ y 
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Set the bandspread condenser, if used, to raid-capacity and leave. Switch 
to the first frequency range, and reduce the oscillator trimmers to minimum 
capacity, leaving other trimmers and padders at half-capacity. Tune the 
main tuning condenser to the high frequency-low wavelength end of the 
band, either to a calibrated spot on the dial, or, if the dial is to be calibrated, 
at a point just, above minimum capacity. Set the signal generator to the 
same frequency—this will require to be discovered by experiment if the 
exact coverage of the^coils is unknown—rand connect the signa l lead from 
the generator together with the earthing dip to the aerial input Sockets, or 
aerial and earth sockets, of the receiver. Trim the oscillator trimmer towards 
maximum capadty until the signal is heard or indicates on the output meter. 

, With the high frequency adjustment temporarily set, mark or hote the 
dial reading of both receiver and generator, and then tune to the low fre¬ 
quency-high wavelength end of the band either to a frequency indicated on 
the receiver dial, or with an uncaiibrated dial, to a frequency near the low 
frequency limits of the coils in use. Set the generator to the same frequency 
and adjust the padding condenser for maximum output at that frequency. 
Return to the original high frequency where the trimmer was adjusted. 
The adjustment will probably have varied, due to the changing of the padder 
capacity, and the trimmer must be readjusted for maximum output, this 
process of adjusting trimmer and padder. and readjusting being carried out 
until the two adjustments are in final balance. Six or eight readjustments 
are not too many.- 

This process must be carried out on each frequency band. 

With the oscillator aligned, it remains to trim the R.F. stage, if Included 
in the set, together with the frequency converter input circuit. The trimmers 
connected with these stages must be trimmed for maximum output af the Mgh 
frequency end of eadi range, the whole range being tested, by means of Hie 
signal generator, at convenient points to ensure that no points of bad align¬ 
ment or weak signals exist. 

With the receiver aligned on all frequency ranges, it may be tested for 
correct operation and stability. A hiss, varying with the tuning of the oscil¬ 
lator stage, indicate? that the oscillator Is squegging, possibly because of 
too high a grid leak value or anode voltage, whilst instability causing oscilla¬ 
tion in the I.F. amplifier is immediately shown When the B.F.O. is switched 
on, since a continuous squeal or howl is caused, the note varying with the 
tuning of the B.F.O. A regenerative I.F. stage should not, of course, have 
feedback sufficient to give this effect, and the feedback capacity between grid 
and anode should be reduced until the stage is regenerative without bursting 
into psdllation. 

“ Motorboating ” is almost certainly due to the oscillator’s fluctuating in 
frequency with slight variations of anode voltage, the chance of this .defect 
occurring being highest with high selectivity in the I.F. amplifier. Switching 
out the A.V.C. line will probably stop the trouble, proving that the oscillator 
anode voltage is fluctuating and that the stage’ is varying its output frequency 
in sympathy. Only a poorly-designed oscillator woujd cause this trouble, 
which may be cured either by re-design of the oscillating circuit or a stabili¬ 
sing .device on the oscillator H.T. supply line. 

" Eirdies,” a heterodyne whistle or beat on a signal, are sometimes caused 
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by feedback into the I.F. amplifier via the A.V.C. diode, or by feedback of 
signal harmonics from the detector into the R.F. or frequency converter, or 
may be another sign of squegging in the oscillator. Generally the cure is 
better circuit arrangement or heavier screening. 

It must be remembered, also, that a heterodyne note can be produced 
by a carrier close to that of the signal under reception, the crystal gate b eing 
the only solution to this nuisance. 


* 


Components List f tor 

a Simple 4-volt Receiver, Figt 18. 

Cl, C9, 

60 mmfd. Tuners. Raymajt MC60X. 

C2, C4, C6, C7, CIO, 

Cll, CIS, C21, 

0.1 mfd. 350 v.w, Non-inductive. 

C3, 

0.01 mfd. 350 v.w. Non-idductive. 

C5, C12, C13, 

Cl 7, C18, Cl9, 

0.0001 mfd. Mica. 

C8, 

40 mmfd. Bandspread tuner, Raymart 
VC40X. 

C14, C22, 

25 mfd. 25 v.w. Electrolytic. 

C16, 

8 mfd. 350 v.w. „ 

C20, 

30 mmfd. variable trimmer. 

Ri, , 

2,200 ohms. 

R2, R8, R1S, 

47,000 

R3, R6, 

220 

R4, 

10,000 

R5, 

1,000 

R7, 

5,000 variable, I.F. gain. 

R9, R16, 

220,000 ohms. 

RIO, 

680 

Rll, 

33,000. „ 

R12, 

68,000 „ 

R13, 

1 meg. variable. Audio gain. 

R14, 

22,000 ' ohms. 

R17, 

180 


\nil 1C3I9LUI3 5 WfUL Idling; 


I.F.T.1, 2, 465 kcs. Iron-cored LF.T/s. 

J* Headphone jack. 

R.F.C., Short-wave choke. 

Output transformer, 5 watt, to match to 

5,200 ohms load. 

Arrange Cr for regeneration over v V2, and Cc for Aupling between V3 
and V4. 


SI, 

S.P.S.T. B.F.O. On-Off switch. 

L5, 

Wearite B-FO. 

VI, 

ACTH1. 

V2, 

VP41. 

V3, 

ACHLDD. 

V4, 

AC2HL. 

V5, 

Pen 45. 


2 British 7-pin chassis mounting valveholders. 
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Fig. 18. A Simple 4-volt Receiver. 


1 British 5-pin chassis mounting valveholder. 

2 Mazda octal „ „ „ 

Chassis, aluminium, 10" x 8" x 2J". 

1 Tuning Drive. 


1.75 mcs.— 


Coil Data. 


Ll, 

15 turns 

26 

S.W.G. 

enam, 

L2, 

70 

99 

99 

99 

ii 

L3, 

15 

9* 

24 

99 

99 

L4, 

42 

99 

99 

99 

99 

3.5 mcs.- 






Ll, 

9 

99 

99 

99 

99 

L2, 

35 

99 

99 

99 

99 

L3, 

10 

99 

99 

99 

99 

L4, 

25 

99 

99 

99 

99 

7 mcs.— 






Ll, 

5 

99 

99 

99 

99 

'L2, 

20 

99 

18 

99 

99 

L3, 

6 

99 

24 

99 

99 

L4, 

14 

99 

18 

99 

99 

14 mcs.- 






Ll, 

5 

99 

24 

99 

99 

L2; 

10 

99 

18 

99 

99 

L3, 

4 

99 

24 

99 

99 

L4, 

7 

99 

18 

99 

99 

28 mcs.- 






Ll, 

4 

99 

24 

»» 

99 

L2, 

4 

99 

18 

99 

99 

L3, 

3 

99 

24 

99 

99 

L4, 

3J 

99 

18 

99 

99 

Coils Ll, 

L2, 

and 

L3, 

L4, all 

woum 


Provide 2 coilform holders. 


close-wound, J" above L2. 

„ J" below L4. 

„ Tap—Top of coil* 

„ J" above L2. 

„ J" below L4. 

„ Tap—18 turns up. 

„ J" above L2. 

„ J" below L4. 

to 1 " long. Tap—6 turns up. 

close-wound, i" above L2. 
to 1" long. 

close-wound, J" below L4. 
to 1" long. Tap—2J turns up. 

close-wound, J" above L2. 
to 1" long. 

close-wound, J" below L4. 
to 1" long. Tap^l£ turns up. 
on 1|" diameter formers. 


Components List for a Simple 6-volt Receiver, Fig . 19. 


LI, L2, L3, L4, sections of commercial tuning pack, such as A.l.S. 
Type 30A, etc. Note, padding condensers, and trimmer values , are not 
shown, since these are included in commercial packs. 

Cl, C8, 0.0005 mfd. ganged tuner. 

C2, C9, 60 mmfd. ganged bandspread tuner, with 

Raymart MC60X tuners and couplers. 


C3, C4, CIO, Cll, 

Cl2, C13, C14, C15, 
C18, C19, C20, 

C5, 

C6, C7, 

C16, C17, 

C21, C23, 

C22, 


* 

0.1 mfd. 350 v-w. Non-inductive. 
0.0002 mfd. Mica. 

0.01 mfd. 350 v.w. Non-inductive. 
0.0001 mfd. Mica. 

25 mfd. 25 v.w. Electrolytic. 

8 mfd. 350 v.w. „ 
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Fie. 19. A Simple 6-volt Receiver. 


Rl, 

10,000 ohms. 

R2, R9, 

2,200 „ 

R3, R7, Rll, 

220 

R4, 

47,000 „ 

R5, 

15,000 „ 

R6, R10, 

1,000 „ 

R8, 

5,000 ohms variable, 1-F. gain. 

R12, R15, 

100,000 ohms. 

R13, 

470,000 „ 

R14, 

22,000 „ 

R16, 

3,300 „ 

R17, 

1 meg. Audio gain. 

R18, 

220,000 ohms. 

R19, 

430 „ 1 watt. 

(All resistors. 

except R19, | watt ratings.) 

SI, 2, 3, 4, 

Wavechange switches, ganged. 

S5, 

D.P.S.T. Standby switch. 


Headphone jack. 

465 kcs. iron cored I.F.T.’s. 

Output transformer, 5 watt, to match 
7,000 ohms load. 

6K8. 

6SK7. 

6SQ7. 

6F6. 

5 International octal chassis mounting valveholders. 

Chassis, aluminium, 10" x 8" x 2§". 

2 Tuning Drives. 

Arrange for regenerative capacity over V2. 

No B.F.O. is included in the circuit, but may be added if required. 


J, 

I.F.T.1, 2, 3, 
Tl, 

VI, 

V2, V3, 

V4, 

V5, 


Components List for an Advanced 4-volt Receiver, Fig. 20. 

LI, L2, L3, L4, L5, L6, sections of commercial tuning pack, such as 
the M. Wilson 6 Waveband Coil Kit, 5-2,000 metres. 

Note.— Padding condensers and trimmer values are not shown, since 
these are included in commercial packs. f 

Cl, C6, C13, 0.0005 mfd. ganged tuner. 

C2, C7, C14, 60 jnmfd. ganged bandspread tuner, with 

Raymart MC60X tuners and couplers. 


C3, C4, C5, C8, 
CIO, Cl5, C16, 
C17, C18, C19, 
C20, C22, C26, 
C28, C29, C30, 
C9, Cll, 

C12, 

C21, 

C23, 

C24, C25, 


0.1 mfd. 350 v.w. Non-inductive. 
0.0002 mfd. Mica. 

0,0005 mfd. Mica. 

50 mmfd. Silver Mica. 

0.25 mfd. 350 v.w. Non-inductive. 
0.0001 mfd. Mica. 
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C27, C32, 

25 mfd. 25 v.w. Electrolytic. 

C31, 

8 mfd. 350 v.w. „ 

Rl, RIO, 

1,000 ohms. 

R2, R17, 

220 

R3, 

5,000 ohms variable, R.F. gain. 

R4, R8, 

10,000 ohms. 

R5, Rl J, R15, 

330 

R6, R24, 

22,000 „ 

R7, R9, R13, 

1 meg. 

R12, 

10,000 ohms, variable, I.F. gain. 

R14, 

470 ohms. 

RI6, 

1,000 ohms, variable, “ S ” meter zero 
set. 

R18, 

6,200 ohms 

R19, R30, 

39,000 „ 

R20, R21, 

680,000 „ 

R22, 

100,000 „ 

R23, 

470,000 „ 

R25, R28, 

47,000 „ 

R26, 

680 

R27, 

1 meg. variable. Audio gain. 

R29, R32, 

220,000 ohms. 

R31, 

10,000 ohms variable. Noise limiter set. 

R33, 

180 ohms. 

(AH resistors, \ watt ratings.) 

I.F.T.l, 2, 3, 

465 kcs. Iron cored I.F.T.'s. 

M, 

0-1 mA. meter. 

J, 

Headphone Jack. 

RJF.C.l, 

Screened all-wave choke. 

Sl-6, 

Wavechange switch, ganged. 

S7, 

S.P.D.T. A.V.C. On-Off. 

S8, 

D.P.S.T. Standby. #■ 

Tl, 

Output transformer, 5 watt, to match to 
5,200 ohms load. 

VI, 

SP41. 

V2, 

ACTH1. 

V3, V4, 

VP41. 

V5, 

HL41DD. 

V6, 

Dl. 

V7, 

Pen. 45. 

1 British 7-pin chassis mounting valveholder. 

5 Mazda octal „ 

1 D1 holder. 

99 99 

No B.F.O. is included 

in the circuit, but may be added if required. 

Chassis, aluminium, 16 
2 Tuning Drives. 

i" x 8" x 21". 

Arrange regenerative capacities across VI and V3. 
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Components List tor an Advanced o-volt Receiver, fig, 21. 

LI, L2, L3, L4, L5, L6, sections of commercial tuning pack, such as 
th* M. Wilson 6 Waveband Coil Kit, 5-2,000 metres. 

Note. —Padding condensers and trimmer values are not shown, since 
these are included in commercial packs. 


Cl, C7, C14, 

C2, C8, C15, 

C3, C4, C5, C6, 

C9, CIO, Cll, C17, 
Cl 2, C16, C27, C28, 
C13, C18, C26, 

C19, C20, C21, 

C22, C23, C24, 

C30, C32, C33, 

C34, C38, 

C25, 

C29, 

C31, 

C35, 

C36, 

C37, C39. 

Rl, R7, R19, 

R2, 

R3, 

R4, R12, R13, 

R17, R21, R33, 

R5, R9, Rll, 

R6, 

R8, 

RIO, R22, R25, 

R14, 

R15, 

.. R16, R28, 

R18, R30, R39, 

R20, 

R23, 

R24, 

R26, R36, R38, 

R27, 


0.0005 mfd. ganged tuner. 

60 mmfd. ganged bandspread tuner, with 
Raymart MC60X tuners and couplers. 

0.01 mfd. 350 v.w. Non-inductive. 
0.0001 mfd. Mica. 

0.05 mfd. 350 vww. „ 


0.1 mfd. 350 v.w. „ 

50 mmfd. Silver Mica. 

160 mmfd. Tuner B.F.O. set. Raymart, 
VC160X. 

0.005 mfd. 350 v.w. Non-inductive. 

0.25 mfd. 350 v.w. „ 

8 mfd. 350 v.w. Electrolytic. 

25 mfd. 25 v.w. ,, 

22,000 ohms. 

220 

5,000 ohms variable R.F. gain. 

10,000 ohms.' 

1,000 „ 

150 

5,600 „ 

47,000 „ 

470 

10,000 ohms variable I.F. gain. 

4,700 ohms. 

390 

150,000 „ 

39,000 „ 

10,000 ohms variable. Noise limiter set. 
220,000 ohms. 

100 ohms variable wirewound. “ S ” 
meter zero set. 


R29, 

R31, R34, 
R32, 

R35, 

R37, 


1 meg. 

680,000 ohms. 

1 meg- variable, Audio gain. 
33,000 ohms. 

2,700 „ 


(.411 resistors, J watt ratings.) 
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I. F.T.1, 2, 3, 
R.F.C.1, 

R.F.C.2, 3, 4, 5, 

M, 

J, 

SI, 2, 3, 4, 5, 6, 

57, 

58, 

59, 

VI, V3, 

V2, 

V4, V5, 

V6, 

V7, 

V8, 

V9, 

V10, 


465 kcs. Iron cored LF.T.'s. 

2.5 millihenry R.F. Choke. 

Screened all wave chokes, or screened 
chokes effective at 465 kcs. 

0-1 mA. meter. 

Headphone Jack. 

Wavechange switch, ganged. 

S.P.S.T., B.F.O., On-Off. 

S.P.D.T. A.V.C. On-Off. 

D.P.D.T. Standby. 

1852 (6AC7). 

6SA7. 

6S7. 

6F8. 

6H6. 

6B8. 

6F5. 

6V6. 



Fig. 22. Using the High Bias Line. 
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10 International octal chassis mounting valveholders. 

Tl, Output transformer, 5 watts, to match 

8,000 ohms load. 

Chassis, aluminium, 16" x 8" x 2\". 

2 Tuning Drives. 

Arrange regenerative capacities across VI and V4. 


Components List for the High Bias Line Control of the 
R.F. Stage, Fig. 22. 

LI, First tuned circuit, R.F. stage. 

Cl, 0.01 mfd. 350 v.w. Non-inductive. 

C2, C3, Sections of tuners and bandspread tuners. 

C4, 0.1 mfd. 350 v.w. Non-inductive. 

Rl, 100,000 ohms. 

R2, 50,000 ohms variable, High Bias control. 

R3, 150,000 ohms. 

R4, 220 

R5» 5,000 ohms variable, R.F. gain. 

51, Wavechange switch section. 

52, S.P.D.T. A.V.C. to High Bias Switch. 

VI, R.F. valve. 

Note.—T he first I.F. stage may also be switched into the High Bias 
control, as shown, if a higher degree of control is required. 

Components List for a 5-metre Converter for 4 or 6 volt operation. 

Fig. 23. 

LI, 2 turns 20 S.W.G. enam. diam., $" above L2. 

L2, 6 „ 16 „ „ i" „ to J" long. 

L3, 10 ,, 16 „ „ „ to 1J* long. 

L4, L5, Wearite PHF5, tuned to 10 mcs. 


Cl, C6, 

C2, C3, 

C4, 

C5, C7, 

For 4-volt operation:— 

Rl, 

R2, 

R3, 

R4, 

For 6-volt operation:— 

Rl. 

R2, 

R3, 

R4, 


15 mmfd. tuners, Raymart VC15X. 
0.01 mfd. 350 v.w. Non-inductive. 
0.0001 mfd. Mica. 

3-30 mmfd, variable trimmers. 

10,000 ohms, 1 watt. 

33,000 „ 

47,000 „ 

330 „ 

22,000 ohms, 2 watt. 

22,000 „ 

47,000 „ 

330 


(Resistors, } watt ratings, unless otherwise specified.) 
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R.F.C., 60 turns 30 S.W.C. on 1 meg. ceramic 

resistor as former. 

VI, ACTH1 or 

6K8. 

1 British 7-pin chassis mounting valveholder, or 
1 International octal chassis mounting valveholder. 

Skm-motion drive for C6, main tuning, knob drive for Cl. 

Chassis, 71" x 3J" x 2". 
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Chapter 7 
POWER SUPPLIES 

The power supply for a communications receiver should be stable, 
capable of excellent regulation and, although not required to supply a high 
voltage, must be able to supply a fairly heavy current without any heating. 

A good transformer is necessary to ensure proper regulation and a heavy 
heater winding will be required to supply all the valve heaters, especially if 
4-volt valves are in use. The power pack, and therefore the whole equip¬ 
ment, should be protected by fuses both in the primary to mains wiring and 
also in the receiver supply line. The power leads to the receiver may 
-terminate in a plug, constructed from an old octal valve base, the leads 
being soldered into the pins and the base then tilled with Chatterton’s com- 
pound or a good wax. At the receiver, the power supply may be received 
fo an ordinary octai socket mounted at the end of the chassis, or at the rear. 
The power input point should be at the audio end of the receiver, bus-bar 
distribution through the receiver being advised. 

Smooth working of the power supply is assisted by the bleeder resis¬ 
tance which also allows the low voltage screen feeding line to be taken out, 
and the adjustable bleeder should be set, with the receiver load connected 
to the power pack, to give the correct voltage. 

. bia *Pack may be used with any receiver to provide a high bias line 
o which the RJF. amplifier may be switched for Standby or monitoring the 
local transmitter, or batteries may be used since the current drain is negli¬ 
gible and layer-buiit type batteries may be used, thus allowing the biasing 
department to be condensed to a very smali size. 

It may seem extravagant to give over a valve and transformer for biasing 

bU . t any . Cas . e a bigh bias line is on, y squired by the amateur 
transmitter. In the circuits showing a high bias line, this may be replaced 
by a simple Standby switch in the negative or positive H:T. line by the 
constructor who is interested only in reception. In any case, the separate 
heater transformer can be dispensed with if 4-volt valves are used through¬ 
out the apparatus, since in that case a spare 4-volt secondary on the main 
transformer can be used to supply the rectifier heater, an ordinary 4-volt 
rectiiter being used with one section out of circuit, or strapped in paraUel 
with the other section. F 

„ . ? WiH be S ff. n tha * the bias su PP , y 1135 °my half-wave rectification and 
resistance smoothing, but since only a fraction of the total voltage is used 

fof the purpose ** nCghgible thc smooth ing thus obtained is amply sufficient 

Although the load of the communications receiver is steady, that is there 
are no great current changes as are found in, for example, a Class B 
amplifier, it is thought advisable to use two-section filtering for the mains 
supply to give as quiet operation as possible. Where economy is necessary 

-^T , i. a r;y , ,T lgl " f r , " ard «*n» •«** 

and am* ,W ° ra,h “ *'"> d «*« 
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A.C. power packs are shown in Figs. 24 and 25, the main difference 
being in the bias supply arrangements. In Fig. 24 the bias rectifier is 
supplied from a separate heater transformer; in Fig. 25, a power pack for 
4-volt valves, the bias rectifier is supplied from a heater winding on the 
mains transformer. In either case the bias voltage supplies may be omitted 
from the circuit altogether if desired. 

^ When A.C./D.C. operation is required a rather different set of circum¬ 
stances arises. The use of ordinary 0.2 amp. heater valves would mean in 
any case that the heaters of some of the valves would be at high potentials 
above eaith, since the number of stages in a communications receiver is, 
in general, higher than the number found in other receivers. The potential 
difference between the heater and earth increases the chance of hum as the 
potential rises, and thus it is desirable to keep the heater drop over the 
whole chain at as low a value as possible. The most promising solution 
would appear to be to use American 6 volt 0.3 amp. valves in all stages 
except the output stage, where no suitable 0.3 amp. valve is readily obtain¬ 
able. In this stage, however, a British 0.2 amp. valve may be used, the 
heater being shunted by a suitable resistance to pass the further 100 mAs. 
heater current drawn by the rest of the circuit. The value of the resistance 
is calculated by Ohm’s Law, and for one very suitable valve, the Mazda Pen 
3520, whose heater operates at 35 volts 0.2 amp., the resistance across 
the heater would be 

« 35 

R =- ohms 

0.1 

°r R = 350 ohms, and the resistance rating would be 35 x 0.1 or 3.5 
watts. Such a resistance may be made up of standard values, using a 200 
ohms and a 150 ohms resistances in series, each being rated at 2 watts. 

A barretter is preferable to a wire-wound dropping resistor for applying 
the correct potential across the heater chain, since the barretter gives a good 
degree of automatic compensation for changes in line voltage whilst at the 
same time it requires no setting to value as does the ordinary dropping 
resistor with an adjustable tap. Should a dropping resistor be used, how¬ 
ever, it must be set to the correct value to give a current of 0.3 amps, 
through the heater chain as measured by a good A.C. or D.C. ammeter to 
suit the supply. 

Alternatively the dropping resistor may be adjusted by measuring the 
voltage across the whole heater chain, the dropping resistor being adjusted 
until the correct voltage is shown on a good A.C. or D.C. voltmeter, the 
type of meter again depending on the supply. 

It must be remembered that the adjustments should be made by reducing 
resistance—i.e., the dropping resistance should be high in value, the resis¬ 
tance being lowered until the valve heaters are correctly loaded. The 
measurements should be taken a half-minute or one minute after adjust¬ 
ments, since the valve heaters undergo a change of resistance with heat, as 
does practically any circuit. 

No arrangements are shown for a high bias line in the A.C./D.C. power 
pack of Fig. 26, as there is no convenient way of obtaining it. If a high 
bias line is required, batteries must be used. 
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It must also be remembered that gear working from an A.C. I D.C. 
Supply is alive to the mains and the plug should be connected into the socket 
in such a way that the chassis of the power pack and the chassis of the 
receiver are both connected to the earthed mains line. In some cases it may 
be found that the positive line of the mains D.C. supply is earthed so that 
it is virtually impossible to connect the chassis of the gear to the earthed 
line In this case every precaution must be taken when using the gear, 
especially ,f it is desired to work with headphones, and the whole operating 

rub , ber n ^ts ClUd,n8 apparatus itself ’ should be Insulated by the use of 

£ r/ A - C / /D f receiver * no*-only the earthing connection 

to the chassis, if used, should be isolated from actual connection with the 
chassis by an 0.01 mfd. 500 v.w. condenser, but the aerial also should be 
isolated in the same manner. 

m . Tf 1 ? rat * ng * he barretter or dropping resistance is of course deter¬ 
mined by the number of valves used, together with their common current 
consumption and the supply voltage. For example, a circuit using 6 volt 
.3 amp. valves in an R.F. stage, a frequency converter, two I.F. stages, 
a detector and B.F.O. combined, an A.V.C. and “ S ” meter stage combtoed 
and with an audio amplifier before the output stage would have seven 6-volt 
va w* with their heaters connected in series, the total drop thus LJng 6 3 
votts x 7 or 44.1 volts at 0.3 amp. Then the output stage, using as 
recommended a Pen 3520 shunted by a 350 ohm resistance, w^uld intrl 

dr °£o f 3 , 5 VOlts at 0 3 am P * so that tbe total heater load 
would be 79.1 or 79 volts, 0.3 amp. The barretter or dropping resistance 
must therefore be capable of handling the heater current of 0.3 amp. 

Besides the voltage across the valve heater chain, however, the 

£ f£eding - ThC 25YS and 2525 ^es of rectifier are 

m good supply at the time of writing, and are capable of supplying up to 

^ •iM ,Ch . ,S su ® c,ent for 311 but the largest receivers, these rectifiers 
35 pf “J a “ C J!"“ they 3 !f° requir f 0 3 am P- through the heater. The 
35 . at p ' esent «n very short supply, can give up to 120 mAs., and also 
requires a heater current of 0.3 amp., whilst the heater voltage is as 
indicated by the code name, 35 volts. Presume, however that a 2575 
recMer b to I* used. The heater vo» age thb Ube^Sl ££ U S 
to the voltage drop across the receiver heaters, so that the total heater 
voltage required is 79 plus 25 volts, or 104 volts. 

With the usual mains voltage of 230 volts, this means that the barretter 

£° P 2 lu~ 104 V ° ,tS ’ “ 126 VO,tS - The barrctter is chosen 
so that this figure tolls as near as possible to the centre of the working 

range—for example, the Phillips Miniwatt type of regulator Is rated at 0.3 

amp., 100-240 volts for the type number 1941, so that this barretter would 
be perfectly suitable. 

The constructor who wishes to work the receiver from a Vibrator power 
pack may either purchase a commercial model of pack, such as the 

2““° " SU£nt Surg0 mcntioned ’ « construct his owS pik 

using bought components. 

Very careful screening and filtering must be provided, for a vibrator 
pack will radiate R.F. interference unless every precaution is taken. The 
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Fig. 24. A.C. Power Pack for 6-volt valves. 
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Fig. 25. A.C. Powvr Pack for 4-volt valves. 




















































































































battery leads must be fitted with a heavy current choke in order that 
“ hash ” is not introduced into the receiver via the valve heaters, whilst the 
output line must be filtered for both R.F. and L.F. 

Either synchronous vibrator or valve rectification may be used, and if 
valve rectification is decided upon it is recommended that the 0Z4 gas 
rectifier be used, since this valve requires no heater supply and thus not 
only is battery drain reduced but the chance of a breakdown obviated. The 
0Z4 rectifier is at present in good supply from Government surplus stores, 
etc., and can supply up to 75 mAs. at 300 volts D.C. Less than 30 mAs. 
should not be drawn, since the valve will then work at reduced efficiency or 
refuse tp operate properly at all. 

If a current greater than 75 mAs. Is required, it is advised that synchro* 
nous vibrator rectification be used. 

Whilst vibrator transformers can be constructed or adapted from existing 
mains transformers, greater efficiency and more silent working will be 
obtained by using a commercial model. 

The vibrator power supply must be enclosed in a metal or metal lined 
box, the earth connections throughout being made with heavy gauge wire, 
and good quality components must be used, the working voltage values of 
the condensers being particularly noted. The wave shape of the currents in 
both primary and secondary of the vibrator transformer give rise to back 
E.M.F.’s sufficiently high to break down condensers of low working voltage 
ratings, and any breakdown or short-circuit in the power pack can cause 
serious damage to the vibrator. 

A fuse In the supply lead to the battery is also essential, since should 
the vibrator contacts stick a very heavy current would flow through the 
vibrator and one half of the transformer primary, possibly fusing the trans* 
former and damaging the battery. The usual fuse value used in this position 
is 10 amps. The switch in the battery lead should be rated at 10 amps., 
and should be of the Q.M.B. type. 

The “ hash ” choke may be home-wound, using 60 or 70 turns of 16 
S.W.G. enamelled copper wire (or heavier) on a 1" diameter former such as 
a wooden dowel. 

Components List for the A.C. Power Packs, Figs . 24 and 25. 


T1 (Fig. 24), 

200=250 v. primary. 

5v. 2a. secondary. 

T2 (Fig. 24), 

200-250 v. primary. 

250-0-250 v. 200 mAs. secondary. 
6 v. 4 a. 5 v. 2 a. 

T1 (Fig. 25), 

200-250 v. primary. 

250-0=250 v. 200 mAs. secondary. 
4 v. 2 a. 4 v. 2 a. 4 v. 8 a. 

L.F.C. 1, 2, 

20 Hys. 200 mAs. 150 ohms. 

Cl, 

0.1 mfd. 350 v.w. Non-inductive. 

C2, C4, C6, 

8 mfd. 350 v.w. Electrolytic. 

C3, 

16 mfd. 350 v.w. „ 

C5, C7, 

8 mfd. 500 v.w. „ 
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Rif 

R2, 

R3, 

FI, 

F2, 

SI, 


10,000 ohms, 3 watts, with slider 

22,000 „ 1 „ 

10,000 „ 1 „ 

5 amps, fuses. 

200 mAs. fusebulb with holder. 
D.P. On-Off Switch. 


VI, V2 (Fig. 24), 5Y3G. 

VI, V2 (Fig. 25), UU6. 

2 International or Mazda octal chassis mounting valveholders. 
Chassis, 9|" x 4J" x 2", aluminium. 


Components List for the A.C./D.C. Power Pack, Fig. 26. 


L.F.C. 1, 2, 
Rl, 

R2, 

Cl, 

C2, C4, 

C3, 

C5, 

VI, 


20 Hys. 100 mAs. 150 ohms. 
5,000 ohms, 3 watts, with slider. 
22,000 „ 1 „ 

0.1 mfd. 350 v.w. Non-inductive. 
8 mfd. 350 v.w. Electrolytic. 

16 mfd. 350 v.w. „ 

8 mfd. 500 v.w. „ 

25Y5, 25Z5, 35RE, etc. 


B, Barretter to suit heater load. 

1 International octal chassis mounting valveholder. 

1 Holder for Barretter used. 


F, 1 amp. fuses. 

SI, D.P. On-Off Switch. 

Chassis, 9}" x 4|" x 2", aluminium. 


Components List for the Vibrator Power Packs, Figs . 27 and 28. 


Tl, 

Vibrator transformer, Bulgin M.T.! 
similar. 

Rl, R2, 

220 ohms, 1 watt. 

R3, 

4,700 „ 1 „ 

R4, . 

To suit screen current. (See Note.) 

Cl, 

0.5 mfd. 350 v.w. Non-inductive. 

C2, 

0.0003 mfd. Mica. 

C3, 

0.01 mfd. 1,500 v.w. 

C4, 

0.01 mfd. 350 v.w. Non-inductive. 

C5, C7, 

8 mfd. 350 v.w. Electrolytic. 

C6, 

16 mfd. 350 v.w. „ 

C8, 

0.1 mfd. 350 v.w. Non-inductive. 

R.F.C. 1, 

Hash filter. (See text.) 

R.F.C. 2, 

Screened all-wave choke. 

L.F.C.,' 

20 Hys. 100 mAs. 150 ohms. 

F, 

10 amp. fuse. 


or 
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Fig. 26. A.C./D.C. Power Pack. 
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Fig. 27. Vibrator Pack with Valve Rectification. 
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Fig. 28. Vibrator Pack with Synchronous Rectification. 


Si, Q.M.B. On-Off Switch. 

6-volt accumulator battery. 

D f Vibrator driving coil. 

VI (Fig. 27), 0Z4. 

1 International octal chassis mounting valveholder for VI. 

Chassis and shielding cover. 

Note.— The constructor should follow any makers' instructions obtained 
with the vibrator, particularly as regards buffering circuits. It may be desir¬ 
able, for instance, either to shunt R1 and R2 with 0.1 mfd. condensers, or 
to replace the resistances altogether by such condensers. 

It is possible to obtain a reversed polarity at the output side, so that 
no output filter component should be connected up, especially C5, C6 and 
C7, the electrolytic condensers, until the output polarity has been checked. 
This, of course, refers to Fig. 27. 

A dropping resistance rather than a potential divider is used for the 
screen supply to avoid further current drain. The resistance R4 should be 
chosen to give the correct voltage drop at the current passing, using a simple 
calculation by Ohm's Law. Each circuit diagram in the previous chapter 
shows the approximate screen current on the 150-volt line. 

This method may also be used, if desired, in the A.C. and A.C./D.C. 
power packs. 


Chapter 8 

AERIALS FOR COMMUNICATIONS 

It is, of course, impossible to give anything like a full account of aerial 
theory and practice in a few pages, but some salient points can be noted 
especially for the use of the receiving amateur. The transmitting amateur 
will in all probability use the one aerial for transmission and reception 
except for Duplex and Break-in working, which means that the aerial and 
its coupling to both transmitter and receiver will be adjusted to the band in 
use and will thus be working at maximum efficiency at all times. 

The transmitting aerial, as has already been noted, is usually the best 
receiving aerial, but where the communications receiver is to be used alone, 
in a listening post, then the most useful aerial is that which will receive all 
amateur bands as well as broadcast and commercial stations with as great 
efficiency as possible. 

The reader who requires further information on aerials and their many 
types is referred to the Aerial Handbook, No. 56, in Bernards' List. 

At high frequencies—that is, for short-wave reception—a tuned aerial 
can be erected in quite a small space. The best example is perhaps the 
television aerial, seen in ever greater numbers at the top of flagstaffs and 
attached to chimneys. This type of aerial is a vertical half-wave, and often 
has a reflector so situated that the true aerial is in line with transmitter 
and reflector, the reflector, naturally, being behind the aerial. 


67 

























































The half-wave aerial, as its name suggests, is a half-wavelength, long, 
measured electrically rather than mechanically. An aerial suffers from what 
is known as the “ end effect ” so that a half-wave aerial is slightly, shorter 
than a measured half-wave, the relationship being given by the formula 

_ 462 

- —- 

f 

where L is the total length of the aerial in feet and f is the .operating 
frequency in megacycles. The formula can also be given as 

5540 

Li =- 

f 

where Li is the aerial length in inches. 

To take an example, a television aerial for vision reception must work 
with maximum efficiency at 45 mcs., so that the aerial length is 


5540 



or Li = 123.1 inches or 10' 3". 

The television aerial is mounted vertically since the transmitter aerials 
are also vertical, and the transmitted waves are therefore said to be vertically 
polarised. This polarisation holds only over relatively short distances, how¬ 
ever, so that for general working on rather lower frequencies the great 
majority of aerials are horizontal. The increased length of an aerial for 
lower frequencies also makes horizontal construction simpler, although the 
new B.B.C. vertical long-wave aerial may be cited as an example of vertical 
polarisation on the very low frequency band. 

By erecting an aerial tuned to the frequency of operation the signal 
strength is increased at the receiver and, at the transmitter, the aerial 
accepts all the power which can be passed to it. 

For working on the 20 and 40 metre amateur bands the half-wave aerial 
is still sufficiently short for erection in a fairly small space, but it is prac¬ 
tically impossible to erect a tuned aerial for, say, the broadcast transmissions 
at medium frequencies, and in any case such an aerial would be larger than 
the licence allows. 

For wide frequency coverage, therefore, a compromise must be made. 
The aerial in any case will be more- efficient at the higher frequencies which 
is where the efficiency is needed, so that the best arrangement is that which 
will give good working on all the amateur bands, the lower frequencies being 
left to take their chance. 

direction in which the aerial receives most efficiently also requires 
consideration. The half-wave aerial, at whatever frequency for which it is 
built, receives most strongly from a direction at right-angles to the plane 
of the. aerial wire, and is thus known as a broadside radiator or receiver. 
Reception of stations in line or nearly so with the wire will, other things 
being equal, be much weaker than reception from stations in a direction 
perpendicular to the wire. For this reason, 5 and 10 metre transmitters 
often arrange their aerials to be rotating, so that the array can be turned 
bodily to direct the signal to any required compass point. 
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By erecting an aerial knov n as a “ long wire," however, the “ end 
re effect—that is, the strength of transmission or reception in iine or 
"*2“ Wlth the “rial wire itself is greatly improved, whilst the broadside 
radiation or reception is attenuated. In general, however, a wire twice the 

nSR- t h f fa * oaied band in fength will give good all-round coverage 
m ffie British Isles If erected in a due East-West direction. 8 

io M The ^ f ° nnU V a S* tte kngth of a two-wavelength aerial, or for any aerial 
longer than a half-wave, Is 

. 492 (n-0.05) 

L =--- feet 

f 

where L is the length of the aerial wire in feet, n is the number of half-waves 

a« an * er am * S thc favoured operating frequency in mcs. Thus, 

hE ! aV ° arCd band is thc 20 metre ^teur band, the 

wSrS-n"f ^uT be,nS 5“" 35 14 mcs ’ the two-wavelength aerial 
will contain four half-waves. The formula then becomes 


L = 


492 (3.95) 
14 


feet 


or L = 138.8 feet. 

It is still necessary to connect the aerial to the receiver, and the best 
method to use with a long wire aerial is to cut the aerial at the exact centre 
supporting the cut ends by a short insulator of strength sufficient to carry 
the strain of the aerial. The wire is thus separated into two eoual portions 
in hoe one with the other. 1 


All aerials have a radiation resistance, or characteristic resistance pre¬ 
sented to a feeder system at their points of maximum current (current an ti¬ 
ll™*'; £ es,stan ce of a four half-wave aerial is approximately 110 ohms, 
though this resistance changes within fairly narrow limits with the height 
of the aerial and the type of ground at the locality. The feeder requires 
matching to this aerial resistance and also to the receiver, and so a suitable 
type of feeder must be chosen and matched to the receiver, for best results 
through a circuit such as that shown in Fig. 3, although the feeder may be 
taken directly to the receiver with a slight loss of efficiency. * 

. .T* 16 as f ofa i 10 , ohms feeder will allow the connection to be made, 
at the aerial end directly to any current anti-node (these occur at every odd 

i VVaVe /T f t ° ng itS lenSth) ’ that is ’ in a two wavelength aerial 
at points along its length equal to l |, | and | of the total length. The 

aerial may be cut at any of these points and 110 ohm feeders connected. 

if so*!? a / eeder . may P««hased, and the mismatch will not be serious 

narv lighHngfl? r n S ““?* ScVera1 Can supply such feeder and ordi¬ 

nary lighting flex presents approximately the correct characteristics althn-mh 
such a feeder would not weather well. ’ g ■ 


3 situation where bad interference is experienced, another type of 

at Wir£S 3re ,ash6d to transposition blocks 

f ’ J S “ d '. btod!S be,ng obia inable from Messrs. Eddystone or 
Raymarts. The feeder wires are thus crossed at regular intervals the effect 
uemg to cancel out any signal, including interference, which is picked up by 


6 » 










the feeders themselves. A matching unit should be used between such a 
feeder and the receiver. 

In very noisy localities, with interference from traffic, neon signs, and 
the like, a short aerial may prove better than a properly-designed long aerial, 
since the signal-to-noise ratio must be kept high for satisfactory reception. 
In this case, the aerial can only be decided upon by experiment, and it may 
prove beneficial to use a complete commercial aerial system such as the 
44 Eliminoise. M 
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APPENDIX 


Coil pack Manufacturers and Distributors:— 

Aligned Instrument Services, 1, Colworth Road, Leytonstone, E.11. 
(Type 30 series coil packs.) 

M. Wilson, Ltd., 307, High Holborn, London, W.C.l. 

Raymart and Eddystone Depots:— 

Radiomart, 48, Holloway Head, Birmingham 1. 

Webb's Radio, 14, Soho Street, London, W.l. 

Crystal Manufacturers:— 

The Quartz Crystal Co., Ltd., 63-71, Kingston Road, New Malden, 
Surrey. 

Valve Stockists:— 

J. Bull & Sons, 246, High Street, Harlesden, London, N.W.10. 
Tele-Radio (1943), Ltd., 177a, Edgware Road, London, W.2. 



